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INTRODUCTION

The objectives of this project were: (a) to conduct a comprehensive
process energy audit of two (2) load lines at the Iowa Army Ammunition
Plant and (b) to define potential process related energy saving measures
and projects. Three load lines were actually monitored to include all major
large caliber warheads and projectiles loaded at the TAAP. The load lines
were IAAP Load Lines 1, 2 and 3A.A During the course of this phase of the
project, the production items audited were the M258 HE Warhead (STINGER),
the M250 HE Warhead (CHAPARRAL), the M155 HE Warhead (HAWK), the M225 HE
Warhead (DRAGON), the M712 HE Warhead (COPPERHEAD), the 155MM, M549 HE Rocket
Assisted Projectile, the 155MM, M718/M741 HE Projectile (RAAMS) and the
M207E1 HE Warhead (I-TOW).

This project determined that the L/A/P of the M155, HE, GM, Warhead
(HAWK) will consume 1,430 MBTU per year at a production rate of 5,544 war-
heads per year as produced at the Iowa Army Ammnnitién Plant. This amounts
to 257,937 BTU per warhead. Potential energy conservation projects described
in this project would counserve approximately 904 MBTU per year. This would
reduce the process energy consumption by 63.2% to 526 MBTU per year or 94,877
BTU per warhead.

The process energy consumed in the L/A/P of the M258, HE Warhead (STINGER)
totaled 1,105 MBTU at a production rate of 5,040 warheads per year, as pro-
duced at the Iowa Army Ammunition Plant. This amounts to 219,246 BTU per

warhead. Potential energy conservation projects described in this project



would save approximately 772 MBTU per year. This would reduce the process
energy consumption by 69.9% to 333 MBTU per year or 66,071 BTU per warhead.

The process energy consumed in the L/A/P of the M250, HE, GM Warhead
(CHAPARRAL) totaled 1,578 MBTU per year at a production rate of 12,096 war-
heads per year, as produced at the Iowa Army Ammunition Plant. This amounts
to 130,456 BTU per warhead. Potential energy comnservation projects described
in this project would conserve approximately 1,087 MBTU per year. This would
reduce the process energy consumption by 68.9% to 491 MBTU per year or 40,592
BTU per warhead.

The process energy consumed by the M225, HE, GM, Warhead (DRAGON) totaled
1,041 MBTU per year at a standard production rate of 12,000 warheads per
year, as produced at the Iowa Army Ammunition Plant. Planned mobilization
production of 21,600 warheads per year would consume 1,365 MBTU per year.
This amounts to 86,750 BTU per warhead at standard production and 63,194
BTU at mobilizatlon rates. The energy saving measures described in this
report would save 584 MBTU per year. This would reduce standard produc~
tion consumption by 56.1% to 457 MBTU per year or 38,083 BTU per warhead.
Mobilization energy consumption would be reduced by 42.8% to 781 MBTU per
year or 36,157 BTU per warhead.

The process energy consumed by the M712, HE, GM Warhead (COPPERHEAD)
totaled 1,012 MBTU at a standard production rate of 9,576 warheads per year.
Planned mobilization production of 19,200 warheads per year would consume
1,385 MBTU per year. This amounts to 105,681 BTU per warhead at standard
production and 72,135 BTU per warhead at mobilization. The energy saving
measures described in this project would save4584 MBTU per year. This would
reduce standard production consumption by 57.7% to 428 MBTU per year or
44,695 BTU per warhead. Mobilization energy consumption would be reduced

by 42.2%7 to 801 MBTU per year or 41,719 BTU per warhead.



The process energy consumed by the M549Al, 155MM, HE, RA Projectile
totaled 5,108 MBTU at a production rate of 99,036 projectiles per vyear,
as produced at the Iowa Army Ammunition Plant. This amounts to 51,572 BTU
per projectile. Planned mobilization production of 585,600 projectiles per
year would consume 28,417 MBTU. The energy saving measures described in
this project would save 646 MBTU per year. This would reduce standard pro-
duction consumption by 12.65% to 4,466 MBTU per year or 45,095 BTU per
projectile. Mobilization energy consumption would be reduced by 2.27% to
27,771 MBTU per year or 47,423 BTU per projectile.

The process energy consumed by the M207El, HE Warhead (I-TOW) totaled
1,797 MBTU at a standard production rate of 38,808 warheads per year as
produced at the Iowa Army Ammunition Plant. This amounts to 46,297 BTU per
warhead. Planned mobilization production of 54,000 warheads per year would
consume 2,500 MBTU per year. The energy saving measures described in this
project would save 48 MBTU per year. This would reduce standard production
consumption by 2.67% to 1,749 MBTU per year or 45,068 BTU per warhead.
Mobilization energy consumption would be reduced by 1.92% to 2,452 MBTU per
year or 45,407 BTU per warhead.

The process energy consumed by the M718/M741, 155MM, AT Projectile
totaled 2,895 MBTU per year at a standard production rate of 36,792 pro-
jectiles per year, as produced at the Iowa Army Ammunition Plant. This
amounts to 78,694 BTU per projectile. Planned mobilization production of
60,000 projectiles per year would consume 4,722 MBTU per year. The energy
saving measures described in this report would save 192 MBTU per year. This
would reduce standard production consumption by 6.63% to 2,703 MBTU per year
or 73,467 BTU per projectile. Mobilization energy consumption would be reduced

by 4.07% to 4,530 MBTU per year or 75,500 BTU per projectile.



In addition to direct process energy savings, an additional 4,578 MBTU

per year could be saved by utilizing waste building heat for process appli-

cations,

Table 1, which follows, graphically depicts this potential energy savings.



TABLE 1
POTENTIAL PROCESS ENERGY SAVINGS

PRESENT AUTOMATIC POTENTIAL

PROD. CONSUMPTION . CONTROL  INSULATION CONSUMPTION PERCENT
TITEM (MBTU/YR) (MBTU/YR) (MBTU/YR) (MBTU/YR) REDUCTION
HAWK 1430% 315 589% 526 63.22
STINGER 1105%* 503 269 333 69.86
CHAPARRAL 1578% 818+* 269 491 68.38
DRAGON (STD) 1041% 315 269 503 51.68
DRAGON (MOB) 1365 . 315 269 781 42.78
COPPERHEAD (STD) 1012* 315% 269% 428 57.71
COPPERHEAD (MOB) 1385 315 269 801 42.17
M549A1 (STD) 5107%* 377% 269%* 4461 12.65
M549A1 (MOB) 28417 377 269 27771 2.27
M207E1 (STD) 1797* *% 48% 1749 2.67
M207E1l (MOB) 2500 *% 48 2452 1.92
M718/M741 (STD) 2895% *k 192%* 2703 6.63
M718/M741 (MOB) 4722 k% 19é 4530 4.07
TOTALS 15965 1510 1367

* INCLUDED IN TOTALS

*k AUTOMATIC TIMERS PRESENTLY IN USE

RECLAIM HEAT FROM HIGH PRESSURE TRAPS IN MELT BUILDINGS —~=——-- 4578 MBTU/YR*

GRAND TOTAL =~===-—- 7455 MBTU/YR




DATA ACQUISITION METHODOLOGY

Steam:

Steam data was obtained using two different methods depending on certain

situations.

1. Steam data was obtained by measuring condensate with a tared bucket,
scale and stopwatch. Test lines were taken off condensate lines
as soon after the trap as possible. Attempts were made to measure
each individual unit independently, however, in a few cases, units
were clustered to obtain the desired data.

28 A variable orifice steam flow meter was purchased and installed on
the process steam line in Building 1-05~2. Building 1-05-2 is
the primary melt building monitored in this project.

Electricity:

Electrical data was obtained using four different methods depending on

certain situations.

1.

A portable KW-HR meter was designed and built for utilization where
possible. The meter was hooked in line with the particular machinery

and monitored for a specific amount of time. The number of produc-

tion items processed through this machine was monitored and unit

energy consumption was determined using this data.

An industrial analyzer was purchased for utilization where possible.
The meter was hooked Iin line with the machinery and monitored.

The meter reads kilowatts, volts, amps and power factor. Using
this data and engineering calculations, appropriate energy con-
sumption figures were generated.

Where safety regulations prohibited the above methods, indirect
methods were used. A clamp on ammeter was used at a building
substation to determine average current draw. Energy consumption
was calculated using these figures.

-6 -



4, When none of the above methods was feasible, available utility
consumption figures were used.

Alr:
An investigation into the possibility of individual air flow meters
determined this method to he too costly; therefore, available manu-
facturers' alr consumption data was used to generate the appropriate
energy consumption figures.

General:
Due to irregular production schedules, some data was calculated based
on the first phase of this pfoject. This method, although considered

accurate, was used only when no other alternative was available.



Abbreviations and Conversion Factors Used in This Report:

KW-HR = Kilowatt-Hours

BTUH = BTU per Hour

PSIG = Pounds per Square Inch, Gauge
LF = Lineal Feet

MBTU = Mega - BTU

hfg = Latent Heat of Vaporization
Electricity - 3,413 BTU/KW-HR

Air - 9.8 BTU/ft3 - air

Yearly Production Rates

M258 (STINGER) Standard 5040/yr
Mobilization N/A

M250 (CHAPARRAL) séandard 12,096/yr
Mobilization N/A

M155 (HAWK) Standard 5544/yr
Mobilization N/A

M712 (COPPERHEAD) Standard 9576/yr
Mobilization 19,200/yr

M718/M714 (RAAMS) Standard 36,792/yr
Mobilization 60,000/yr

M549 (155MM) Standard é9,036/yr
Mobilization 585,600/yr

M207E1 (I-TOW) Standard 38,808/yr
Mobilization 54,000/yr

M225 (DRAGON) Standard 12,000/yr
Mobilization 21,600/yr



M155, HE, GM, WARHEAD (HAWK)

PROCESS DESCRIPTION

The M155 (HAWK) 1is a missile warhead filled with approximately 80 pounds
of explosive. A standard production rate of 5,544 warheads per year has
been used in this report. The M155 is not included in the latest IAAP mobili-
zation schedule.

Explosive materials are received at service magazines, screened, weighed
and transferred to the melt building. The warheads with S&A devices are
received and transferred to the melt building for loading.

The explosive materials are ﬁelted and maintained at a temperature of
205°F *+ 5°F. The melted explosive is then poured into the warheads. The
loaded warheads are transferred to a conditioning bay where they are main-
tained in a bath water system at 130°F * 5°F for a minimum of nine hours.
After conditioning, they are allowed to cool for a minimum of
eight hours. The booster pellets are then installed and the warhead is
transferred to the x-ray building. The accepted warheads are transferred
to the assembly building.

In the assembly building, the felt pad and pouring hole cover 1is installed,
a center of gravity test is performed, and the warheads are weighed. The
warheads are stenciled and packed into wooden crates. The warheads are
then transferred for storage or shipping out of the plant.

The above description of the manufacturing process was extracted from
the following Towa Army Ammunition Plant Standing Operating Procedure:

S.0.P. No. 718, Rev. 1 - Load, Assemble and Pack Warhead Section,

Guided Missile, HE, M155



RECEIVE , SCREEN , WEIGH
8 TRANSFER POWOERED
ALUMINUM
1-60 , BAYS A & 'C

RECEIVE , REST STORE &
TRANSFER COMP B-4
1-06-1

'

PROCESS FLOW FOR

MI55, WARHEAD, GM, HE
HAWK

PREPARE FOR MELT
OPERATIONS
1-05-2 , 2°d FLOOR BAY 'K’

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
FOR BURSTING CHARGE

RECEIVE 8 TRANSFER
MATERIALS

1=70,4-11, 1-61, 1-64 OR [-72
LOADING DOCK & 1-40

INERT

UNPACK WARHEAO METAL
PARTS
1-40 , BAY 'V' 8 NORTH HaL]

171, 1-61, 1-64 , 1-11, |-05-2
WEIGH INGREDIENTS
FOR BURSTING CHARGE
1-05-2, 2" FLOOR BAY U’ ASSEMBLE S 8 A HOUSING
[-——=—————TO SUMPED OUT WARHEADS
l | 1-05-2 , BAY 'G'
|
' ¥
PREPARE WARHEAOS FOR | 3
MELT BURSTING CHARGE LOADING |
1-05-2, 2" FLOOR BAY 'K 1-0%5-2 , BAYS 'G','HW', V'K I SUMP OUT REJECT WARHEADS
1St FLOOR (FROM 1-40) . w oa
| ™ 1-05-2, BAYS G & 'H
| | SUMP OUT ROOM
! |
| |
. |
il ' |
1-05-2 , I3t FLOOR, BAY 'K'
150 OR I-60 J “~——————— 4 :
|
|
|
|
REJECTS.
F—————- WEVECTS d
|
|
|
CONDITION WARHEAOS ASSEMBL:SSEZ?L:ER CO% : o WEIGH WARHEADS > SHIP WARHEAOS
-05- AY 'H - - 240, W 1-71
1-05-2 , BAY 'H 1-05-2 , BAY- ' OR 'M : 140, BAY
|
|
|
|
REMOVE FUNNELS, RISERS TRANSFER WARHEADS | STENCIL WARHEADS &
TO % RAY L

8 CLEAN WARHEADS
1-05-2 , BAYS 'G' & '

1-05-2, BAY 'G¢' & 1-100

TOUCH-UP PAINT
1-40, BAY D'

I

TRANSFER 8 REST STORE
BOOSTER PELLETS
+10,1-19-6 ,1-66-1 , 1-40, 1-05-2

ASSEMBLE FELT PAD &
POURING HOLE COVER
1°40 , BAYS V'V ,M , 1-07

STENCIL PAGKING CRATES
1-40 , BaY 'V’

I

ASSEMBLE BOOSTER PELLET
IN CUP
1-05-2 , BAYS 'G','H', V'

PERFORM CENTER OF GRAVITY
CHECK ON WARHEAD
1-40, BAY V'

|

PACK WARHEADS
1-40 , BAY '

10 -




Energy Consumption

The process energy consumed in the L/A/P of M155, HE, GM Warhead
(HAWK) totaled 1430 MBTU per year at a production rate of 5,544 warheads
per year, as produced at the Towa Army Ammunition Plant. This amounts to
257,937 BTU per warhead.

The following charts show a breakdown of energy consumption by pro-

duction step and form of energy.

- 11 =



RECEIVE , SCREEN , WEIGH
8 TRANSFER POWDERED
ALUMINUM

1-60 , BAYS A" & 'C’

RECEIVE , REST STORE &
TRANSFER COMP B-4
1-06-1

I

YEARLY STEAM CONSUMPTION FOR

MI55, WARHEAD, GM, HE
HAWK

PREPARE FOR MELT
OPERATIONS
1-05-2 , 2nd FLOOR BAY 'K'

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
FOR BURSTING CHARGE
1-71, 1-61, 1-64 ,1-11, 1-05-2

RECEIVE B TRANSFER
MATERIALS

=71, 111, 1-61, I-64 OR

LOADING DOCK &

'

UNPACK WARHEAO METAL
PARTS
1-40 , BAY 'V' 8 NORTH HAL]

INERT

1-72
1-40

WEIGH INGREDIENTS
FOR BURSTING CHARGE
1-05-2 , 2nd FLOOR BAY Y ASSEMBLE S & A HOUSING
re-————— TO SUMPED OUT WARHEAOS
| 1-05-2 , BAY ‘G’
|
! ¥
PREPARE WARHEADS FOR |
MELT BURSTING CHARGE LOADING i !
o nd- et S g e e i
1-05-2, 27" FLOOR BAY 'K > '35 ZF B:”s F‘; : "-OK i SUMP OUT REJECT WARHEAOS
724 1 LOO (FROM 1-40) | M 052, Bavs G & W
| | SUMP OUT ROOM
! |
| I
|
ey ! |
1-05-2 , ISt FLOOR, BAY 'K’
150 OR I-60 022 EOORy I8 e — — — —— —— 4 :
|
|
|
|
REJECTS
Fe————- EJECTS_ J
t
|
|
P
CONDITION WARHEADS ASSEMBLE: .BOOSTER) cU : WEIGH WARHEADS SHIP WARHEAOS
1-05-2 , BAY 'H' i LA i 1-40, BAY 'V’ ™ 1-71
' 1-05-2 , BAY- '¢' OR ‘W | ! ,
450 38 :
|
|
| NOTE:
REMOVE FUNNELS, RISERS TRANSFER WARHEADS | STENCIL WARHEADS & STEAM CONSUMPTION IS GIVEN
8 CLEAN WARHEADS TO % RAY ] TOUCH-UP PAINT IN MBTU BASED ON NORMAL

1-05-2 , BAYS 6’ 8 W

1-05-2, BAY G & 1-100

1-40, BAY ‘D'

I

|

TRANSFER 8 REST STORE
BOOSTER PELLETS
1110, 1-19-6 ,1-66-1 , 1-40, 1-05-2

ASSEMBLE FELT PAD &
POURING HOLE COVER
140, BAYS 'V,'U,'M' , 1-07

STENCIL PACKING CRATES
1-40 , BAY 'V’

|

ASSEMBLE BOOSTER PELLET
IN CUP
1-05-2 , BAYS 'G','H , U

PERFORM CENTER OF GRAVITY
CHECK ON WARHEAD
1-40 , BAY V'

PACK WARHEAOS
1-40 , BAY V'

12

PRODUCTION OfF 5544 WAR ~
HEADS PER YEAR.

TOTAL CONSUMPTION= 1212 MBTU



RECEIVE , SCREEN , WEIGH
8 TRANSFER POWOEREO
ALUMINUM

1-60 , BAYS A & 'C'

RECEIVE , REST STORE &
TRANSFER COMP B-4
1-06-1

ir

I

YEARLY ELECTRICAL CONSUMPTION FOR

MIS5, WARHEAD, GM, HE

HAWK

PREPARE -FOR MELT
OPERATIONS
1-05-2 , 2nd FLOOR BAY 'K

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
FOR BURSTING CHARGE
-7, 1-61, 1-84 ,i-11, 1-05-2

I

WEIGH INGREDIENTS
FOR BURSTING CHARGE
1-05-2, 2"d FLOOR BAY V'

17

== r
|
|
|

PREPARE WARHEADS FOR |
MELT BURSTING CHARGE LOAOING |
1-05-2, 2" FLOOR BAY 'K’ 1-05-2 , BAYS- @' W', U, |
I8t FLOOR (FROM [-40) |
L |
|
|
|
. |
|
1-05-2 , 1! FLOOR, BAY 'K’ =
-50 OR 1-60

RECEIVE & TRANSFER
MATERIALS

170,111, 1-61, 1-64 OR |-72
LOADING 00CK 8 1-40

INERT

l 23

UNPACK WARHEAO METAL
PARTS
1-40 , BAY V' & NORTH MaALL

(»  105-2,BAYS G 8 W
|
|
I
|
|
|
1
|
|
|
|

ASSEMBLE S 8 A MHOUSING

—{ ¥O SUMPEO OUT WARHE ADS

1-05-2 , BAY '6'

*

SUMP OUT REJECT WARHEADS

SUMP QUT ROOM

|
|
|
CONDITION WARHEAOS Assz“"‘fss:?‘%i:“ cur : N WEIGK WARHEAOS » SHIP WARHEADS
Ieh e . W' -7
1-05-2 , BAY ‘W 1052, BAY & OR W | 1-40 , BAY 'V
: 23
|
| '
] NOTE:

REMOVE FUNNELS, RISERS TRANSFER WARHEAOS | STENCIL WARHEAOS @& ELECTRICAL CONSUMPTION IS
8 CLEAN WARHEADS O X-RAY L TOUCH-UP PAINT GIVEN IN MBTU BASED ON
1-05-2 , BAYS 'G' & W 1-05-2 , BAY G & 1-100 1-40, BAY D' NORMAL PRODUCTION OF 5544

A2 | WARHEADS PER YEAR.
TOTAL CONSUMPTION = 154 MBTU
TRANSFER & REST STORE ASSEMBLE FELT PAD & | STENCIL PAGKING CRATES
BOOSTER PELLETS POURING HOLE COVER .
: " 1-40 , BAY ‘U
1-10,1-19-6 ,1-66-1 , 1-40, 1-05-2 1°40 , BAYS 'V 'U WM , I-07
A 23
| .
ASSEMBLE - BOOSTER PELLET PERFORM CENTER OF GRAVITY || BACK. WARNEADS
IN CuP CHECK ON WARHEAD ;
o 1-40 , BAY U
1-05-2 , BAYS '6','H', 1-40, BAY 'V

13 -



RECEIVE , SCREEN , WEIGH
8 TRANSFER POWDEREO
ALUMINUM

1-60 , BAYS A 8 'C’ \

RECEIVE , REST STORE &
TRANSFER COMP B-4
1-06-1

:

YEARLY AIR CONSUMPTION FOR

MISS, WARHEAD, GM, HE

HAWK

PREPARE FOR MELT
OPERATIONS
1-05-2 , 2nd FLOOR BAY 'K
15

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
FOR BURSTING CHARGE
1-71, 1-61, 1-64 ,1-11, 1-05-2

WEIGH INGREDIENTS

RECEIVE 8 TRANSFER INERT
MATERIALS
=70, 0-10, =61, 1-64 OR 1-72
LOADING DOCK 8 1-40

UNPACK WARHEAO METAL
PARTS
1-40 , BAY 'V' 8 NORTH HALL
1

FOR BURSTING CHARGE
1-05-2, 2" FLOOR BAY U’ ASSEMBLE S 8 A HOUSING
r—————- — TO SUMPED OUT WARHEAOS
| 1-05-2 , BAY 'G’
| 1
! 3
PREPARE WARHEADS FOR |
MELT BURSTING CHARGE LOAOQING | 1
1-05-2, 2" FLOOR BAY 'K' 1-05-2 , BAYS G','H, V.'K : SUMP OUT REJECT WARMEAOS
st &
3 15t FLOOR (FROM |4o)-|_ i P ros2. ears T 8 W
| | SUMP OUT ROOM
! |
| I
|
Emse mesee 1o oS l |
1-05-2 , 1% FLOOR, 'BAY 'K’
50 OR 1-60 - ——————= . :
|
|
|
|
REJECTS.
r-———-—- REJECTS J
I
|
|
CONOITION WARHEADS ASSEMBL:SS';‘:;‘(’JER cug = > WEIGH WARHEADS > SHIP WARHEAOS
-05- AY H' v ey -40, v 1-71
1-05-2 , BAY ‘H rlemate SRl | 1-40 , BAY 'V
] I N
= |
|
A : NOTE:
REMOVE FUNNELS, RISERS TRANSFER WARHEAOQS | STENCIL WARHEADS 8 AIR CONSUMPTION IS GIVEN IN
TO X-RAY d TOUCH-UP PAINT MBTU BASEO ON NORMAL

8 CLEAN WARHEADS
1-05-2, BAYS ' 8 W

1-05-2, BAY '6¢' & 1-100

I-40, Bay ‘D'

:

i

TRANSFER 8 REST STORE
BOOSTER PELLETS
110, 1-19-6 ,1-66-1 , [-40 , 1-05-2

ASSEMBLE FELT PAD &
POURING HOLE COVER
1°40, BAYS 'V,'U','M , I-07

STENCIL PAGKING CRATES
1-40 , BAY 'V’

ASSEMBLE BOOSTER PELLET
IN CUP
1-05-2 , BAYS 'G','H', V'

PERFORM CENTER OF GRAWITY
CHECK ON WARHEAD
1-40, BAY 'V’

PACK WARHEADS
1-40, BAY V'

C]

= =

PROOUCTION OF 5544 WARHEAOS
PER YEAR.

TOTAL CONSUMPTION= €4 MBTU




M258, HE, WARHEAD (STINGER)

PROCESS DESCRIPTION

The M258 (STINGER) is a missile warhead filled with approximately 1.5
pounds of HTA-3 explosive. A standard production rate of 5,040 warheads per
year has been used in this report. The M258 is not included in the latest
TAAP mobilization schedule.

The warhead metal parts are received at a load line storage building.
The warheads are unpacked, prepared for loading and transferred to the melt
building as needed. FExplosive materials are received at various service
magazines, then transferred to thé melt building for processing as needed.

Warheads are preheated in an oven to 160°F to 180°F. HTA-3 is melted
in a kettle with 15 psi steam to a temperature of 200°F. Approximately
1.5 pounds of HTA-3 is poured into the warheads and the warheads are allowed
to cool for a minimum of four hours.

When cooled, the pellet cavity is drilled. The warheads are cleaned
and transferred to x-ray. Accepted warheads are transferred to the assembly
building. Rejects are returned to the melt building for sump out and repro-
cessing.

Accepted shells are cleaned, inspected and weighed. The booster pellets,
felt pad and fuze are installed. The warheads are then stenciled, packed
and shipped out.

The above description of the manufacturing process was extracted from
the following Iowa Army Ammunition Plant Standing Operating Procedure:

S.0.P. No. 803 - Load, Assemble and Pack Warhead Section, GM, HE, M258

- 15 -



PROCESS FLOW FOR

M258 , WARHEAD , GM, HE

STINGER

RECEIVE & REST STORE
CALCIUM SILICATE
1-11,1-05-2  3rd FLOOR

4

RECEIVE ,SCREEN , WEIGH &
TRANSFER POWDEREO ALUM.
1-60 ,BAYS A €

WEIGH & TRANSFER
CALCIUM SILICATE
1-05-2 3rd FLOOR

PREPARE FOR MELT
OPERATIONS
1-05-2 , Ist FLOOR BAY '

RECEIVE , REST STORE &
TRANSFER OCTOL & TNT
1-06-1 ——= 1-50 ——=|-05-2

MELT -HTA-3
1-05-2,- BAY K

!

WEIGH OCTOL & TNT

1-05-2, 2nd FLOOR, BAYS P 8'0' |

|——————-—>

RECEIVE 8 TRANSFER INERT
MATERIALS
I-71, 1-41, 1-61, 1-64 OR 1-72
LOAOING DOCKS , 1-40

UNPACK 8 PREPARE WARHEAD
METAL PARTS FOR LOAOING
1-40, BAY 'M OR ‘¢’

LOAO WARHEAOS
1-05-2, BAYS 'K & €

RECEIVE WARHEAO METAL
PARTS , INSTALL FUNNELS
& PREHEAT

1-05-2 BAYS E' & U

RECEIVE REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS

1-71 OR 1-06-1, 1-40

REMOVE FUNNELS & RISERS,
TRANSFER WARHEAOS
1-05-2, BAYS € & P’

RECEIVE,, CLEAN 8 INSPECT
WARHE A0S
1-40, BAY '8’

L 4

STENCIL WARHEAOS
1-40 BAY 'T OR U

:

FACE EXPLOSIVE SURFACE &
DRILL PELLET CAVITY
1-05-2, BAY A’

WEIGH LOAOEQ WARHEAOS
1-40, BAY 'N'

PACK WARHEAO SECTIONS
GM , M258
1-40 BAY M OR Q'

CLEAN WARHEAO WITH ACETONE
1-05-2, BAY 'F

INSTALL BOOSTER PELLET
1-40 BAY 'M' OR Q'

SHIP WARHEAQOS

SUMP OUT REJECT WARHEAOS
1-05-2 SUMP ROOM

X-RAY WARHEAOS
1-100

INSTALL FELT PAO & FUZE
1-40 BAY 'M' OR T




Energy Consumption

The process energy consumed in the L/A/P of the M258, HE Warhead (STINGER)
totaled 1,105 MBTU per year at a production rate of 5,040 warheads per year,
as produced at the Towa Army Ammunition Plant. This amounts to 219,246 BTIH
per warhead.

The following charts show a breakdown of energy consumption by pro-

duction step and form of energy.

- 17 -



YEARLY STEAM CONSUMPTION FOR

M258 , WARHEAD ,

GM, HE

STINGER

RECEIVE 8 REST STORE
CALCIUM SILICATE
I-11,1-05-2 3rd FLOOR

.—’

RECEIVE , SCREEN , WEIGH &
TRANSFER POWOERED ALUM.
1-60,B8aYS A ¢

WEIGH & TRANSFER
CALCIUM SILICATE
1-05-2 3rd FLOOR

PREPARE FOR MELT
OPERATIONS
1-05-2 , Ist FLOOR BAY X'

RECEIVE , REST STORE &
TRANSFER OCTOL & TNT
1-06-1 ——= |- 50 ——=-05-2

MELT HTA-3
1-05-2, BAY X'

!

WEIGH OCTOL 8 TNT
1-05-2, 2nd FLOOR, BAYS P 8'0'

r—————»

RECEIVE 8 TRANSFER INERT
MATERIALS

I-71, 1-11, §-61, 1-64 OR

LOADING OOCKS , 1-40

=72

UNPACK & PREPARE WARHEAO
METAL PARTS FOR LOADING
1-40, BAY 'M' OR '0'

RECEIVE WARHEAD METAL
PARTS , INSTALL FUNNELS

& PREHEAT
1-05-2 BAYS 'E' & UV

38|

RECEIVE REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS

I-71 OR 1-06-1,1-40

LOAD WARHEADS
1-05-2, BAYS 'K' 8 'E'

| ol I Rl e
| = ., e 1-40 BAY '0 OR U
1-05-2, BAYS E' 8 P 1-40, BAY '8
[ FACE EXPLOSIVE SURFACE & PACK WARHEAD SECTIONS
A A

[ DRILL PELLET CAVITY WEIGH Lﬁ:%ms:{ ?:,E £s GM . M258

| 1-05-2, BAY A ' 1-40 BAY W OR 'O

| 1

| CLEAN WARHEAD WITH ACETONE INSTALL BOOSTER PELLET || S be——

1-05-2, BAY 1-40 BAY M OR '
[ NOTE:
l STEAM CONSUMPTION IS GIVEN IN
MBTU BASED ON NORMAL PROD—

SUMP OUT REJECT WARHEAOS |, | X-RAY WARHEAOS | | [msTALL FELT Pap & Fuze [ | UCTION OF 5040 WARHEADS

1-05-2 SUMP ROOM

1-100

1-40 BAY 'M' OR Q'

18 -
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TOTAL CONSUMPTION® 903 MBTU



YEARLY ELECTRICAL CONSUMPTION FOR

M258, WARHEAD, GM, HE

STINGER

r—1 METAL PARTS FOR LOAOING

RECEIVE 8 TRANSFER INERT
MATERIALS

1-71, 1-41, 1-61, 1-64 OR 1-72

LOADING DOCKS , I'4°_§_8_

UNPACK 8 PREPARE WARHEAO

1-40, BAY ‘M OR ‘0O’

RECEIVE WARHEAD METAL
PARTS , INSTALL FUNNELS

RECEIVE 8 REST STORE RECEIVE , SCREEN , WEIGH &
CALCIUM SILICATE —»| TRANSFER POWDERED ALUM.
1-11,1-05-2  3rd FLOOR 1-60,BAYS A T
38
WEIGH 8 TRANSFER PREPARE FOR MELT
CALCIUM SILICATE OPERATIONS
1-05-2 3rd FLOOR 1-05-2 , Ist FLOOR BAY K’
RECEIVE , REST STORE aT ECTIRETASS
TRANSFER OCTOL & TN 1-08-2. BAY K
106+ ——— |- 50 ——1-05-2
A7
WEIGH OCTOL 8 TNT |
[-05-2, 2nd FLOOR, BAYS P &°0

I——————>

|
I
|
I
I
I
I
I
I
!
[
I
I
I
I
I
I
I

LOAD WARHEADS
1-05-2, BAYS K 8 €'

8 PREHEAT

1-05-2 BAYS E' 8 U |

RECEIVE REST STORE 8
TRANSFER EXPLOSIVE
COMPONENTS

1-74 OR 1-06-1 , 1-40

REMOVE FUNNELS 8 RISERS, RECEIVE , CLEAN 8 INSPECT
TRANSFER WARHEADS > WARHEAOS  * > |S:ZNCIBLAYW§;HZA;OSU‘
1-05-2, BAYS E' & P 1-40, BAY 'B'
FACE EXPLOSIVE SURFACE & WEiGT ToNOE B WARHEA5S PACK WARHEAO SECTIONS
DRILL PELLET CAVITY o GM , M25B
., 1-40, BAY 'N e o
1-05-2, BAY A i 1-40 BAY M OR 'O
3
CLEAN WARHEAC WITH ACETONE INSTALL Boosn:rf PELLET SRR ARERGS
1-05-2, BAY F 1-40 BAY M OR 0
NOTE:

SUMP OUT REJECT WARHEAOS
1-05-2 SUMP ROOM

X-RAY WARHEAOS
1-100

INSTALL FELT PAD & FUZE
1-40 BAY 'M' OR 0

19 -

ELECTRICAL CONSUMPTION IS
GIVEN IN MBTU BASED ON NORMAL
PRODUCTION OF 5040 WARKEADS
PER YEAR.

TOTAL CONSUMPTION =I5B MBTU



YEARLY AIR CONSUMPTION FOR

M258 , WARHEAD , GM , HE

STINGER

RECEIVE 8 REST STORE
CALCIUM SILICATE
t-11,1-05-2 3rd FLOOR

>

RECEIVE , SCREEN , WEIGH &
TRANSFER POWOEREO ALUM.
1-60 ,BAYS A ¢

WEIGH & TRANSFER
CALCIUM SILICATE
1-05-2 3rd FLOOR

PREPARE FGR MELT
OPERATIONS
1-05-2 , Ist FLOOR BAY X'

18
T:ic?:sa, REST STORE & e
NSFER OCTOL & TNT o e
1-06-| —— |-50 ——=1-05-2
16

!

WEIGH OCTOL & TNT
1-05-2, 2nd FLOOR, BAYS P &'0'

r———-—--——»

RECEIVE & TRANSFER INERT
MATERIALS
170, 1-14, 1-61, 1-64 OR [-72
LOAOING DOCKS , 1-40

UNPACK 8 PREPARE WARHEAQ
METAL PARTS FOR LOAOING
1-40, BAY 'M' OR 'O'

RECEIVE WARHEAO METAL
PARTS , INSTALL FUNNELS

8 PREMEAT
1-05-2 BAYS €' & V'

RECEIVE REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS

1-71 OR 1-06-1 , I-40

LOAO WARHEAOS
1-05-2 , BAYS ' & 'E'

REMOVE FUNNELS & RISERS, RECEIVE,, CLEAN & INSPECT STERcil WARIERGS
TRANSFER WARHEAOS > WARHE AOS g : i
: s Tyt 1-40 BAY 'U OR U
1-05-2, BAYS ‘E' 8 P 1-40, BAY 'B
FACE EXPLOSIVE SURFACE & PACK WARHEAO SECTIONS
ORILL PELLET CAVITY WEISH L?:%E::A?;EAOS GM , M25B
1-05-2, BAY A' ' 1-40 BAY ™M OR Q'
2
CLEAN WARHEAO WITH IACETONE INSTALL BOOSTER’ PELLIET AR
1-05-2, BAY F 1-40 BAY M OR 0
NOTE:

SUMP OUT REJECT WARHEAOQOS
1-05-2 SUMP ROOM

X-RAY WARHEAOS
1-100

INSTALL FELT PAO 8 FUZE
1-40 BAY 'M' OR 0

- 20 -

AIR CONSUMPTION 1S GIVEN IN
MBTU BASEO ON NORMAL PROO-
UCTION OF 5040 WARHEADS
PER YEAR.

TOTAL CONSUMPTION = 44 MBTU



M250, HE, GM, Warhead (CHAPARRAL)

PROCESS DESCRIPTION

The M250. (CHAPARRAL) is a missile warhead filled with approximately
1.5 pounds of Octol explosive. A standard production rate of 12,096 war-
heads per year has been used in this report. The M250 is not included in
the latest TAAP mobilization schedule.

The warhead metai parts are receilved at a load line storage building.
The warheads are unpacked and prepared for loading. The interiors of the
warheads are painted and the warheads are transferred to the melt building
as needed. Explosive materials are received at various service magazines,
then transferred to the melt building for processing as needed.

The warheads are preheated in an oven to a minimum of 160°F., Octol is
melted in a kettle with 15 psi steam to a temperature of 195°F + 5°F. Approxi-
mately 1.5 pounds of Octol is poured into each warhead. The warheads are
then probed with a 220°F minimum probe finger to a depth of 3/4 inch for one
hour and 45 minutes. The warheads are allowed to cool for a minimum of two
hours.

When cooled, the cushion cavity is drilled. The warheads are cleaned,
welghed and transferred to x-ray. The accepted warheads are transferred to
the assembly building, rejects are returned to the melt bhuilding for repro-
cessing.

The cushion, loading plug and inner ring to the warhead are assembled.
The warheads are painted, stenciled and cleaned as required. The warheads
are packed and shipped out.

The ahbove description of the manufacturing process was extracted from
the following Towa Army Ammunifion Plant Standing Operating Procedure:

S.0.P No. 795 = Load, Assemble and Pack Warhead, GM, HE, M250

- 21 -



RECEIVE & REST STORE
* CALCIUM  SILICATE
-1l & 1-05-2 (3" FLOOR)

ORY, WEIGH 8 TRANSFER
CALCIUM SILICATE
1-05-2 (3"9 FLOOR)

RECEIVE , REST STORE &
TRANSFER OCTOL

1-06=| ——="1-50 ——=|-05-2

INSPECT & WEIGH OCTOL
1-05-2 (2" FLOOR, BAY ‘0’ ,'P")

MELT EXPLOSIVES
1-05-2 (BAY V' or 'K}

PROCESS FLOW FOR

WEIGH LOAOEO
WARHEADS
( t-05-2 BAY E')

TRANSFER WARHEADS
TO 1-100 FOR X-RAY

l X-RAY (1-100}

4—ACCEPT

l TRANSFER TO 1-40

ASSEMBLE CUSHION,
LOAOING PLUG 8 INNER
RING TO WARHEAD
1-40 BAY 'M' or ( V','V', Q')

PAINT 8 STENCIL
WARHEADS
1-40 BAY D'

CHAPARRAL , GM, HE, M250
" LOAD WARHEAOS RECEIVE & TRANSFER
1-05-2 (BAY V' or 'K') ¢ — — 4 PARTS & MATERIALS
| -1t , 1-40
I
1
I
PROBE WARHEAOS |
1-05-2 (BAY V' or 'K') | UNPACK 8 PREPARE METAL
| r PARTS FOR LOADING
| | 1-40 BAY 'M' or ('U,'V, 0 )
| |
| |
REMOVE FUNNELS & RISERS | 1
-05-2 (BAYS G' & P') | ]
T | | PAINT INTERIOR OF
1 | WARHE AD
l | | 1-40 BaAY D'
| |
DRILL CUSHION CAVITY | |
IN  WARHEAD | |
(1-05-2 BAY ') | |
| | TRANSFER TO 1-05-2
| |
| |
| |
CLEAN WARHEADS | |
(1-05-2 BAY 'F') | | VISUALLY INSPECT 8 WEIGH
| 1 EMPTY WARHEADS
| | 1-05-2 (18t FLOOR BAY 'E'
| 1
| 1
| |
| |
1 ! INSTALL FUNNELS & PREHEAT
1 EMPTY WARHEADS
| | 1-05-2  BAY V'
| |
| |
— SMALL CAVITATION | |
I' REJECT [T |
| : L — — «sIN. ] TRANSFER TO 1-05-2 FOR
| , NN JJ.‘ » DEEP DRILL & ADD
| | POUR
I » LARGE  CAVITATION :
:' -7 REJECT - I
REJECT ! |
! L. ] TRANSFER TO 1-05-2 &
:. ______ > SUMP OUT
- TRANSFER TO 1-40
CLEAN & CHECK WARHEAOS

AS REQUIRED

1-40 BAY ‘M or (U, 'V, Q")

PACK WARHZADS IN
METAL CONTAINERS

1-40 BAY M or (U, 'V; ')

PACK METAL CONTAINERS
IN WIREBOUND BOX

1-40 BAaY ‘M or (U, 'V, 'Q)

- 22 -

SHIP WARHEADS
1-40 ———o |-71 or I-07




Energy Consumption

The process energy consumed in the L/A/P of the M250, HE, GM Warhead
(CHAPARRAL) totaled 1,578 MBTU per year at a production rate of 12,096 war-

heads per year, as produced at the Iowa Army Ammunition Plant. This amounts

to 130,456 BTU per warhead.
The following charts show a breakdown of energy consumption by produc-

tion step and form of energy.
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RECEIVE 8 REST STORE
CALCIUM SILICATE
1-11 & 1-05-2 (3'9 FLOOR)

ORY, WEIGH 8 TRANSFER
CALCIUM  SILICATE
1-08-2 (3" FLOOR) 4,

RECEIVE , REST STORE &
TRANSFER OCTOL
1-06~| ——e= [-50 ——==1-05-2

YEARLY STEAM CONSUMPTION FOR
CHAPARRAL , GM, HE, M250

INSPECT 8 WEIGH OCTOL
1-05-2 (2" FLOOR, BAY '@ ,'P)

MELT EXPLOSIVES-

1-05-2 (BAY U'or K )_ﬁﬁ.

WEIGH LOADEO

WARHEAOS
{ 1-05-2 BAY 'E')

TRANSFER WARHEADS
TO 1-100 FOR X-RAY

X-RAY (1-100)

-—

G—ACCEPT

TRANSFER TO 1-40

ASSEMBLE CUSHION,
LOAOING PLUG 8 INNER
RING TO WARHEAD
1-40 BAY M or ( W','V', Q')

PAINT 8 STENCIL
WARHEAOS
1-40 BAY ‘0

L LOAD WARHEADS RECEIVE & TRANSFER
1-05-2 {BAY U or ') - PARTS 8 MATERIALS
1 -1, 1-%0
|
|
|
PROBE WARHEADS |
1-08-2 ( BAY ¥ or X' m | UNPACK 8 PREPARE METAL
| r PARTS FOR LOAOING
| | 1-40 BAY '™ or ('U,'V. Q)
| [
| [
REMOVE FUNNELS 8 RISERS | |
1-08-2 (BAYS %' & ¥') | 1
1 1 PAINT INTERIOR OF
1 | WARHEAOQ
j | | 1-40 BAY '0'
| 1
DRILL CUSHION CAVITY 1 |
IN  WARHEAD | |
(1-D05-2 BAY W) i 1
| | TRANSFER TO 1-05-2
| .
| i
| i
CLEAN WARHEADS 1 1
(1~08-2 mAY 'F') 1 1 VISUALLY INSPECT 8 WEIGH
| | EMPTY WARHEAOS
| | 1-05-2 (1% FLOOR BAY 'E'
| |
| 1
| 1
1 |
1 | INSTALL FUNNELS & PREHEAT
(I e A EMPTY WARHEAOS
1 1 1-08-2 BAY V' 3
1 1 ==
| [
——— | SMALL caAvITATION | |
r REJECT B ': | |
: i L — - sIv ] TRANSFER TO 1-05-2 FOR
| DEEP DRILL & AQOO
: L= _r=_5 .1|\ » e
b___ 4 amee caviration :
r : REJECT B “I |
|
I L. .| TRANSFER TO 1-05-2 &
L _____ - SUMP OUT
TRANSFER TO 1-40
CLEAN & CHECK WARHEADS

AS REQUIRED
1-40 BAY 'M' or (W, 'V, Q')

PACK WARHEADS IN
METAL CONTAINERS
1-40 BAY W o {'V, 'V} Q')

PACK METAL CONTAINERS

NOTE:

STEAM CONSUMPTION IS GIVEN IN MBTU
BASED ON NORMAL PRODUCTION OF
12,096 WARHEADS PER YEAR.

TOTAL CONSUMPTION = |, 368 MBTU

SHIP WARHEAOS

IN WIREBOUND BOX
1-40 BAY ‘M or {'U, 'V, 'Q")

- B4, -

1-40 ——= |-71 or I-07




RECEIVE 8 REST STORE
CALCIUM SILICATE
I-11 8 1-05-2 (379 FLOOR)

ORY, WEIGH 8 TRANSFER
CALCIUM  SILICATE
1-05-2 (3% FLOOR) ,q

\

RECEIVE , REST STORE &
TRANSFER OCTOL 17
1-06-| ——== |-50 —==1-05-2

INSPECT 8 WEIGH OCTOL
1-05-2 (2" FLOOR, BAY '@ ,'P")

MELT EXPLOSIVES
1-05-2 (BAY V' or K')

YEARLY ELECTRICAL CONSUMPTION FOR
CHAPARRAL , GM, HE, M250

WEIGH LOADEO
WARHEAOS
( 1-05-2 BAY 'E')

TRANSFER WARHEAOS
- F S
TO 1-100 FOR X RAY_;A

X-RAY (1-100)

25

d+—ACCEPT

TRANSFER TO 1(-40 23

ASSEMBLE CUSHION,
LOAOING PLUG & INNER
RING TO WARHEAOQ
1-40 BAY 'M' or { 'U','V', Q")

PAINT 8 STENCIL
WARHEAOS
1-40 BAY D' 2

= LOAD WARHE ADS RECEIVE & TRANSFER
1-05-2 {BAY U or 'K') .- - - PARTS 8 MATERIALS
| -1, 1-40 23
1
|
I
PROBE WARHEADS |
1-05-2 { BAY Y or 'K') | UNPACK 8 PREPARE METAL
| r ¥ PARTS FOR LOAOING
| 1 1-40 BAY M’ or {'U,V,'Q)
1 |
1 |
REMOVE FUNNELS @& RISERS | |
1-05-2 {BAYS 6" & ¥') | 1
| | PAINT INTERIOR OF
1 1 WARHEAO
1 1 1-40 BaAY 'O’ 2
| ! —
DRILL CUSHION CAVITY | |
IN  WARHEAD | |
(1-05-2 BAY W) 1 1 |
1 | TRANSFER  TO 1-05-2 4
| ! —
] |
] I
CLEAN WARHEADS | 1
(1-05-2 BAY 'F') 1 I VISUALLY INSPECT 8 WEIGH
1 1 EMPTY WARHEADS
1 1 1-05-2 {18! FLOOR BAY ‘E'
1 |
1 |
] |
] |
1 1 INSTALL - FUNNELS 8 PREHEAT
L EMPTY WARHEADS
] | -05-2 Bar ¥
1 I
| |
r e — — | SMALL CAVITATION | | )
| REVECT A | )
1 : L — — I\ .| TRANSFER TO I-05-2 FOR
1 L____J|\_'.‘ OEEP DRILL & ADO
| | POUR
:_ - = — | LARGE CAVITATION B :
| REVECT "I |
= | |
L—J TRANSFER TO 1-05-2 &
:_ _____ - SUMP OUT
! TRANSFER TO 1-40
CLEAN & CHECK WARHEADS

AS REQUIRED

1-40 BAY ‘M' or {V, 'V, Q")

PACK WARHEADS IN
METAL CONTAINERS
1-40 BAY W' or (U, 'V, 'Q')

PACK METAL CONTAINERS
IN WIREBOUND BOX
1-40 BAY W or {'U, 'V, 'Q)

NOTE:

ELECTRICAL CONSUMPTION IS GIVEN IN

MBTU BASED

ON NORMAL PRODUCTION

OF 12,096 WARHEADS PER YEAR.

TOTAL CONSU

MPTION= [63 MBTU

25

SHIP WARHEAOS
1-40 ~— |-71 or 1-07




RECEIVE 8 REST STORE
CALCIUM  SILICATE
1-11 8 1-05-2 (3"% FLOOR)

DRY , WEIGH 8 TRANSFER
CALCIUM  SILICATE
1-05-2 (3" FLOOR)

RECEIVE , REST STORE &
TRANSFER OCTOL
1-06-| ——e= |-50 ——==|-05-2

INSPECT 8 WEIGH OCTOL
1-05-2 (2" FLOOR, BAY '’ ,P)

MELT EXPLOSIVES

YEARLY AIR CONSUMPTION FOR

CHAPARRAL , GM, HE, M250

1-05-2 (BAY V' or 'K")l

WEIGH LOADEO

WARHEADS
( 1-05-2 BAY 'E')

TRANSFER WARHEADS
TO 1-100 FOR X-RAY

X-RAY (1-100})

Jo

q—ACCEPT

TO 1-40 —I

TRANSFER

ASSEMBLE CUSHION,
LOADING PLUG 8 INNER
RING TO WARHEAD
1-40 BAY 'M' or ( U','V','0")

PAINT & STENCIL
WARHE ADS

g LOAO WARHEADS RECEIVE 8 TRANSFER
1105-2 (BAY V' or 'K') - — — 4 PARTS 8 MATERIALS
| -1, 1-40
|
|
1
PROBE WARHEAOS i
1-05-2 ( BAY V' or 'K'} 1 UNPACK 8 PREPARE METAL
| r > PARTS FOR LOADING
| | 1-40 BAY 'M or ('U, 'V, 0 )
I 1
| 1
REMOVE FUNNELS & RISERS | |
1-05-2 (BAYS '6' & ¥') | |
| 1 PAINT INTERIOR OF
1 | WARHEAD
1 | 1-40 BAY D 2
1 1
ORILL CUSHION CAVITY 1 1
IN WARHEAO 1 |
(1-05-2 BAY X)) 2 | |
| | TRANSFER TO 1-05-2
| I
! 1
- | |
CLEAN WARHEAOS | |
(1-08-2 BAY F') 1 1 VISUALLY INSPECT B8 WEIGH
1 i EMPTY WARHEADS
1 1 1-05-2 { 1% FLOOR BAY 'E'
| 1
| 1
1 |
1 |
1 1 INSTALL FUNNELS 8 PREHEAT
L g W EMPTY WARHEADS
| 1 -05-2 BAY V'
| 1
SMALL CAVITATION ! :
I"___" REJECT [~ : :
| : L_ — —Iv ] TRANSFER TO 1-05-2 FOR
1 + OEEP ORILL & ADD
: [ SR, /I\ > s
:__ — — ] LARGE CAVITATION | :
REVECT Y I
rEvecT_ | | |
! L] TRANSFER TO 1-05-2 &
'l ______ 3 SUMP OUT
TRANSFER TO 1-40
CLEAN & CHECK WARHEADS
AS REQUIREO
1-40 BAY 'M' or (W, Vi Q')
NOTE:

PACK WARHEADS IN
METAL CONTAINERS
140 BAY M or (U, 'V, ')

1-40  BAY D’ 2

PACK METAL CONTAINERS
IN WIREBOUNO BOX
1-40 BAY 'M' or (U, 'V, 'Q)

AIR CONSUMPTION IS GIVEN IN MBTU BASED
ON NORMAL PRODUCTION OF 12,096
WARHEADS PER YEAR.

TOTAL CONSUMPTION = 47 MBTU

SHIP WARHEADS
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M225, HE, GM, Warhead (DRAGON)

PROCESS DESCRIPTION

The M225 (DRAGON) is a missile warhead filled with approximately 5
pounds of Octol and TNT explosive. A standard production rate of 12,000
warheads per year has been used in this report. The mobilization production
rate according to the latest IAAP mobilization schedule is 21,600 warheads
per year.

The warhead metal parts are received at a load line storage building.
The warheads are unpacked, prepared for loading and transferred to the
melt building as needed. Explosiée materials are received at various service
magazines, then transferred to the wmelt building for processing as needed.

Warheads are preheated in an oven to a minimum of 190°F. Octol and
INT are melted to a temperature of 210°F + 5°F. Approximately 5 pounds of
Octol and TNT are poured into each warhead. The warheads are conditioned
in a conditioning chest with steam (15 psi) and hot water (125°F % 10°F)
for a total of 9% hours.

When cooled, the pellet cavity is drilled and the booster pellet is
installed.

The warheads are transferred to x-ray. Accepted warheads are trans-
ferred to the assembly building; rejects are returned to the melt building
for reprocessing.

Accepted warheads are cleaned, inspected and painted. The nose crush
switch and S&A device assemblies are attached to the warheads. The warheads
are stenciled, packed and shipped.

The above description of the manufacturing process was extracted from
the following Towa Army Ammunition Plant Standing Operating Procedure:

S.0.P. Wo. 713 - Load Warhead Section, GM, HE, M225
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RECEIVE , REST STORE 8
TRANSFER EXPLOSIVE
COMPONENTS

I-71,1-64 DOCK & 1-07

RECEIVE , REST STORE &
TRANSFER OCTOL, TNT &
BOOSTER PELLETS {1-06-1)

TRANSFER EXPLOSIVES TO
1-05-2 VIA  1-50

WEIGH OCTOL & TNT
1-05-2, 204 FLOOR , BAY 'P'

MELT OCTOL & TNT
1-05-2, 2" FLOOR, BAY 'Q'

PROCESS FLOW FOR

M225 , WARHEAD , GM , HE
DRAGON

RECEIVE 8 TRANSFER
INERT MATERIALS
171, 1-11, 1-61, 64 DOCK & 1-07

I

UNPACK 8 PREPARE METAL
PARTS FOR LOADING
1-40, BAYS 'R & 'T’

y

RECEIVE 8 INSTALL METAL
PARTS IN
CONOITIONINGS CHESTS
1-05-2, BAYS 'B ¢' 8 0

|

LOAD WARHEADS
1-05-2, BAY

o

PREHEAT WARHEAD METAL
PARTS
1-05-2, PROCESS CONTROL ROOM

CONOITION WARHEADS

RIVET NOSE CRUSH SWITCH

PACK WARHEADS IN w000

—_— e e e e e — -

1-05-2, BAYS B',C" & D ~»  X-RAY BLDG. 1-100 ASSEMBLY TO WARHEAD PACKING BOXES
PROCESS CONTROL ROOM 1-40, BAY 'C’ 1-40, Bay 'F'
T
: I Yo ]
| ]
I
REMOVE & CLEAN FUNNELS | REPAIR CAST DEFECTS Il ASSEMBLE S 8 A DEVICE SHIP WARHEAOS
1-05-2, BAY P | 1-05-2, BAYS W ,'d & Ly -40, BAY 'G' 1-71
I ]
L —— I _____ g
RECEIVE ,CLEAN 8 INSPECT TOUCH-UP PAINT 8 STENCIL
R CavITY
OR'LILO:ZOS;; C.AY'T LOADED WARHEADS WARHEAD
! 1-40,8aY ‘B i-40, BaYy V'
INSTALL BOOSTER PELLET A TRTIWARRERGS MARK BARRIER BAG &
IN WARHEAD e on [ PACKING CARTON
1-05-2, Bay g ' 1-40, BAY T
y
ASSEMBLE NOSE CRUSH PACK WARHEADS IN PACKING
WASH DOWN B CLEAN LOADER| | |SWITCH ASSEMBLY & CONDUIT | | CARTON 8 BARRIER BAG
1-05-2, BAY 0 T0 WARHEAD 140, BAY T’
1-40, BAY ‘A’
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Energy Consumption

The process energy congsumed in the L/A/P of the M225, HE, GM Warhead
(DRAGON) totaled 1,041 MBTU at a production rate of 12,000 warheads per year,
as produced at the Iowa Army Ammunition Plant. Planned mobilization pro-
duction of 21,600 warheads per year would consume 1,365 MBTU per year. This
amounts to 86,750 BTU per warhead at standard production and 63,194 BTU per
warhead at mobilization.

The following charts show a breakdown of energy consumption by pro-

duction step and form of energy.
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RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS

1-71,1-64 DOCK & 1-07

RECEIVE , REST STORE &
TRANSFER OCTOL , TNT &.
BOOSTER PELLETS (1-06-1}

YEARLY STEAM CONSUMPTION FOR

M225 , WARHEAD , GM , HE
DRAGON

NOTES*

TOTAL CONSUMPTION { STANDARD PRODUCTION } =

B2] MBTU.

TOTAL CONSUMPTION ( MOBILIZATION ) = 966 MBTU.

RECEIVE & TRANSFER
INERT MATERIALS

174, 1-11, 1-61, I-64 DOCK & [|-07

I

UNPACK 8 PREPARE METAL
PARTS FOR LOADING
1-40, BAYS 'R' & 'T’

4

RECEIVE & INSTALL METAL
TRANSFER EXPLOSIVES TO | 3. STANOARO PROOUCTION FIGURES ARE UNDERLINEO, MOBILIZATION FIGURES PARTS N
1-05-2 VIA  1-50 ARE IN SQUARES. CONDITIONINGS CHESTS
4. ALL FIGURES ARE GIVEN IN MBTU. L:05=21MBAYS] JEL G I8 D)
STANDARO PROOUCTION FIGURES ARE BASED ON 12,000 WARHEAOS PER l
YEAR. MOBILIZATION FIGURES ARE BASED ON 21,600 WARHEAOS PER YEAR.
PREHEAT WARHEAD META
WEIGH OCTOL & TNT e ° B
1-05-2 , 2" FLOOR , BAY ‘P’ S
1-05-2, PROCESS CONTROL ROOM
160 _8s.
MELT OCTOL & TNT LOAD WARHEADS
1-05-2 , 2" FLOOR , BAY 'Q’ 1-05-2, BAY @
e
|
|
|
|
|
CONDITION WARHEADS : RIVET NOSE CRUSH SWITCH PACK WARHEADS IN WOOD
1-05-2, BAYS 'B','C’ 8 'D' | # ®-maY  BLDG  i-w00 ASSEMBLY TO WARHEAD PACKING BOXES
PROCESS CONTROL ROOM ' 1-40, BAY 'C’ ~1-40, BAY F'
[146] 8L '
T |
1 |
o A -
| ¥
|
REMOVE & CLEAN FUNNELS | REPAIR CAST DEFECTS | ASSEMBLE S & A DEVICE SHIP WARHEADS
1-05-2, BAY 'P' | 1-05-2, BAYS A ,'d & K| 1-40, BAY G’ 1-71
| |
Sy —— e = o4

DRILL BOOSTER CAVITY
1-05-2, BAY A

RECEIVE ,CLEAN & INSPECT
LOADED WARHEADS
1-40 ,BAY '8

TOUCH-UP PAINT 8 STENCIL
WARHEAD
‘1-40, BAY U’

INSTALL BOOSTER PELLET
IN WARHEAD
1-05-2, BAY '€’

PAINT WARHEADS
1-40, BAY D OR V'

MARK BARRIER BAG &
PACKING CARTON
1-40, BAY T’

WASH DOWN 8 CLEAN LOADER| |

t 05-2, RAY Q'

ASSEMBLE NOSE CRUSH

SWITCH ASSEMBLY & CONDUIT
TO WARHEAD
1-40, BAY A

PACK WARHEADS IN PACKING
CARTON & BARRIER BAG

1-40, BAY T’
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RECEIVE , REST STORE 8
TRANSFER EXPLOSIVE
COMPONENTS

2B
1-71,1-64 DOCK & 1-07

RECEIVE , REST STORE &

TRANSFER OCTOL , TNT &.
BOOSTER PELLETS (1-06-1)
28

YEARLY ELECTRICAL CONSUMPTION FOR

M225 , WARHEAD , GM , HE

DRAGON

NOTES:

TOTAL CONSUMPTION ( STANOARO PRODUCTION )= IS5 MBTU.

RECEIVE 8 TRANSFER

INERT MATERIALS 28

1-71,1-11,1-61, 1-64 DOCK &

I

UNPACK 8 PREPARE METAL
PARTS FOR LOADING
I-40, BAYS 'R 8 'T'

y

2. TOTA [ = 3
: TOTAL CONSUMPTION { MOBILIZATION) = 287 MBTU EECETE lalns e AL
TRANSFER EXPLOSIVES To | 3 STANOARD PROOUCTION FIGURES ARE UNOERLINED , MOSILIZATION FIGURES PARTS IN
-05-2  VIA 1-50 ARE IN SQUARES. CONDITIONINGS CHESTS
A7 | 4 ALL FIGURES ARE GIVEN IN MBTU. 05-2, BAYS '§ ¢ & 0
STANOARO PRODUCTION FIGURES ARE SASEO ON 12,000 WARHEAOS PER
TEAR. MOBILIZATION FIGURES ARE SASEO ON 21,600 WARHEADS PER YEAR.
PREHEAT WARHEAD META
WEIGH OCTOL & TNT EXE PART‘; D' MESTAL
1-05-2, 2" FLOOR , BAY 'P'
1-05-2, PROCESS CONTROL ROOM
MELT OCTOL & TNT o LOAD WARHEADS
-05-2, 2" FLOOR, BAY 'Q' 1-05-2, BAY 'O
|
|
|
|
|
CONDITION WARHEADS : RIVET NOSE CRUSH SWITCH PACK WARHEAOS IN WO0O
1-05-2, BAYS '8, & D' —» x-RAY  BLOG. I-100 : P  ASSEMBLY TO WARHEAD R e PACKING BOXES
PROCESS CONTROL ROOM [E] 25 | 1-40, BAY 'C 1-40, BAY 'F
T |
& |
r—-———==>"—-—==-=-= i
[ ’ it
REMOVE 8 CLEAN FUNNELS | REPAIR CAST DEFECTS | | ASSEMBLE S 8 A DEVICE SHIP WARHEADS
1-05-2, BAY P ‘| 1r0s-2, BAYS K ,'Q 8 K| 1-40, BAY G’ 1-71
| |
L — — I _____ g
RECEIVE , CLEAN 8 INSPECT TOUCH-UP PAINT & STENCIL
OR'L.LO:ZOS;;': c'z:/mr LOACED WARHEADS WARHEAD
2 1-40 ,BAY B g 1-40, BAY U
INSTALL BOOSTER PELLET AT wTRERs MARK BARRIER BAG 8
IN WARHEAD aoMeey Tl R 1 PACKING CARTON
1-05-2, BAY E' ! i-40, BAY T
B ey (] 2
ASSEMBLE] (NOSE] [LRUSH . PACK WARHEADS iN PACKING
WASH OOWN 8 cuzzlnf LOADER| | [SWITCH ASSEMBLY 8 CONDUIT| | enrTan e ARRIERIBN
1-05-2, BAY 'Q 10 WARHEADI 140, BAY T
1-40, BAY A 4 2
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RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
1-71,1-64 0O0CK 8 1-07

RECEIVE , REST STORE &
TRANSFER OCTOL , TNT &
BOOSTER PELLETS (1-06-1)

YEARLY AIR CONSUMPTION FOR

M225 , WARHEAD , GM , HE

DRAGON

NOTES:

TOTAL CONSUMPTIDN ( STANDARD PRDDUCTIDON )= 88 MBTU.

RECEIVE 8 TRANSFER
INERT MATERIALS
I-71,1-11, 1-61, 1-64 OOCK & 1-07

I

UNPACK 8 PREPARE METAL
PARTS FOR LOACING
EI 1-40, BAYS 'R 8 'T'

y

2. TOTAL CONSUMPTION { MDBILIZATION )= ID2 MBTU. RECEIVE 8 INSTALL METAL
TRANSFER EXPLOSIVES TO 3. STANDARD PRDDUCTION FIGURES ARE UNDERLINED , MDBILIZATION FIGURES PARTS IN
1-05-2  VIA 1-50 A INisaoa e CQNOITIQNINIG§ (ijESTSI.
1-05-2, BAYS '8 'C’ & 'O
4. ALL FIGURES ARE GIVEN IN MBTU.
STANDARD PRDDUCTIDN FIGURES ARE BASED DN 12,000 WARHEADS PER l
YEAR. MOBILIZATION FIGURES ARE BASED DN 21,60D WARHEADS PER YEAR,
e s T—— PREHEAT WARHEAQ METAL
PARTS
1-05-2, 2" FLOOR , BAY 'P'
ODR) . [9AY 1-05-2, PROCESS CONTROL ROOM
2
y
MELT OCTOL & TNT LOAD WARHEAOS
1-05-2, 2" FLOOR , BAY 'Q' 1-05-2, BAY Q'
31
CONOITION WARHEAOS RIVET NOSE CRUSH SWITCH PACK WARHEAOS IN WO0O0O
-05-2, BAYS '8, C' & D — X-RAY  BLOG. =100 ASSEMBLY TO WARHEAQ > PACKING BOXES

PROCESS CONTROL ROOM

m 1-40, BAY C 2

E 1-40, BAY 'F' 2

REMOVE 8 CLEAN FUNNELS
1-05-2, BAY 'P'

_—

REPAIR CAST OQEFECTS ]

|

|

| 1-05-2, BaYS 4 ,'Qd & |
|

—_—_— e e e — — — = — — — —P

ASSEMBLE S 8 A OEVICE
i-40, BAY G

SHIP WARMEAOQS
1-71

ORILL BOOSTER CAVITY
1-05-2, BAY A

(4] 5

RECEIVE ,CLEAN 8 INSPECT
LOAQOEC WARHEAOS
1-40 , BAY '8’

TOUCH-UP PAINT & STENCIL
WARHEAD

E 1-40, BAY 2

INSTALL BOOSTER PELLET
IN WARHEAOQ
1-05-2, BAY £’

PAINT WARHEAOQS
1-40, BAY 'd OR U

MARK BARRIER BAG &
PACKING CARTON
i-40, BAY T

4

WASH OOWN 8 CLEAN LOAOER
1-05-2, BAY 0

ASSEMBLE NOSE CRUSH

SWITCH ASSEMBLY 8 CONOUIT

E TO WARHEAO 5
1-40, BAY A —

-

PACK WARHEAOS IN PACKING
CARTON 8 BARRIER BAG

1-40, BAY 'T'




M712, HE, GM, Warhead (COPPERHEAD)

PROCESS DESCRIPTION

The M712 (COPPERHEAD) is a gulded missile warhead filled with approxi-
mately 18 pounds of Composition B explosive. A standard production rate of
9,576 warheads per year has been used in this report. The mobilization
production rate according to the latest TAAP mobilization schedule, is 19,200
warheads per year.

The warhead metal parts are recelved at a load line storage building.

The warheads are unpacked, inspected, weighed and transferred to the melt
building as needed. FExplosive materials are received at various service
magazines and transferred to the melt building as needed.

The warheads are preheated in a conditioning chest to a minimum of 125°F.
Composition B 1s melted to a temperature of 193°F * 4°F, Approximately 18
pounds of Composition B are poured into each warhead. The warheads are condi-
tioned in a conditioning chest with steam (15 psi) and cooling water (90°F +
3°F) for 9 hours.

When cooled, the fuze cavity is machined, the warheads cleaned and
transferred to x-ray. Rejected warheads are transferred to the melt
building for reprocessing. Accepted warheads are packed and shipped.

The above description of the manufacturing process was extracted from
the following Iowa Army Ammunition Plant Standing Operating Procedure:

§$.0.P., No. 807, Rev. 1 - Load, Assemble and Pack Warhead, GM, HE, M712

Copperhead
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RECEIVE , REST STORE &
TRANSFER COMPOSITION B
2-06-2

PREPARE FOR MELT
OPERATIONS
2-05-2,2nd & 3rd FLOORS

VISUALLY INSPECT & MELT
COMPOSITION B
2-05-2, 3rd FLOOR , BAY M

LOAD WARHEADS
2-05-2, BAY 6

PROCESS FLOW FOR

M7l2 , WARHEAD
COPPERHEAD

CONDITION WARHEADS
2-05-2 , BAY E

REMOVE RISERS & CLEAN
FUNNELS
2-05-2, BAY H-3 & BAY D

MACHINE FUZE CAVITY
2-05-2 , BAY 'X-3

y

CLEAN WARHEADS WITH
ACETONE
2-05-2 , BAY D

INSPECT
2-05-2, BAY

WARHEADS
0 OR BAY X-3

X-RAY WARHEADS
2-10

REPAIR CAST DEFECTS IN
WARHEADS
2-05-2 , BAY X-3

}

STENCIL WARHEADS
2-05-2, BAY C

PACK WARHEADS IN METAL
PACKING CONTAINER
2-05-2, BAY C

GM

RECEIVE & REST STORE
INERT MATERIALS
2-01, 2-04, 2-16-2

., HE

UNPACK METAL PARTS
2-05-2 ,BAY C

INSPECT & WEIGH METAL
PARTS
2-05-2 ,BAYS D & C

r———»

INSTALL WARHEAD METAL
PARTS IN CONDITIONING
CHESTS
2-05-2 , BAY E

yeyya REVECTIS) ey gy -

SHIP WARHEADS

2-16-2 , 2-03~1 DOCK

- 34 -

PREHEAT WARHEAD
PARTS
2-05-2 , BAY E

METAL

- ——

SUMP OUT WARHEADS
R-05-2 , SUMP ROOM

T

v

INSPECT SUMPED OUT
WARHEADS
2-03-2 , BAY D

1

v

PAINT WARHEAD INTERIOR
2-05-2 ,BAY C

1

v

LEAK TEST SUMPED OUT
WARHEADS
2-05-2 , BAY H-3

T

v

REPAIR WARHEADS FAILING
LEAK TEST
2-05-2 ,BAY D

1

v

B s B ) L P PR WIIEUS SRR b R

Ly

REPAIR WARHEADS WITH
CHIPPED POTTING MATERIAL
2-05-2 , BAY D




Energy Consumption

The process energy consumed in the L/A/P of the M712, HE, GM Warhead
(COPPERHEAD) totaled 1,012 MBTU at a production rate of 9,576 warheads per
year, as pronduced at the Iowa Army Ammunition Plant. Planned mobilization
production of 19,200 warheads per year would consume 1,385 MBTU per year.
This amounts to 105,681 BTU per warhead at standard production and 72,135
BTU per warhead at mobllization.

The following charts show a breakdown of energy consumption by pro-

duction step and form of energy.
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RECEIVE , REST STORE 8
TRANSFER COMPOSITION B
2-06-2

PREPARE FOR MELT
OPERATIONS
2-05-2,2nd 8 3rd FLOORS

 VISUALLY INSPECT 8 MELT
COMPOSITION B 672

2-05-2, 3rd _FLOOR, BAY M

LOAD WARHEADS

YEARLY STEAM

M712 , WARHEAD ,
COPPERHEAD

CONSUMPTION FOR-

GM ,

2-05-2, BAY G
CONDITION WARHEADS
2-05-2 ,BAY E 64

REMOVE RISERS 8 CLEAN
FUNNELS
2-05-2, BAY H-3 8 BAY D

MACHINE FUZE CAVITY
2-05-2 , BAY X-3

/

CLEAN WARHEADS WITH
ACETONE
2-05-2 , BAY D

INSPECT
2-05-2, BAY

WARHEADS
0 OR BAY X-3

X-RAY WARHEADS
2-10

REJECTS

NOTES!

REPAIR CAST DEFECTS
WARREADS
2-05-2 , BAY X-3

IN

}

STENCIL WARHEADS
2-05-2, BAY C

WARHEAOS PER YEAR.

PACK WARHEADS IN METAL
PACKING CONTAINER
2-05-2, BAY C

RECEIVE 8 REST STORE
INERT MATERIALS
2-01, 2-04, 2-16-2

HE

UNPACK METAL PARTS
2-05-2 , BAY C

INSPECT 8 WEIGH METAL
PARTS
2-05-2 , BAYS D 8 C

INSTALL WARHEAD METAL
PARTS IN CONDITIONING
CHESTS
2-05-2, BAY E

i. TOTAL CONSUMPTION ( STANOARO PROQUCTION )= 807 MBTU.

2. TOTAL CONSUMPTION (MOBILIZATION)=* 975 MBTU.

3. STANQARO PROQUCTION FIGURES ARE UNOERLINEO , MOBILIZATION
FIGURES ARE IN SQUARES. )

4. ALL FIGURES ARE GIVEN IN M8TU.

8. STANOARD PROOUCTION FIGURES ARE BASEO ON 9378 WARHEAOS

PER YEAR. MOBILIZATION FIGURES ARE BASEO ON 19,200

SHIP WARHEADS
2-16-2 , 2-05-I

DOCK
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PREHEAT WARHEAD METAL

PARTS

2-05-2, BAY E 7

SUMP OUT WARHEADS
2-05-2 , SUMP ROOM

v

INSPECT SUMPED OUT
WARHEADS
2-05-2 , BAY D

v

PAINT WARHEAD INTERIOR
2-05-2 ,BAY C

T

¥y

LEAK TEST SUMPED OUT
WARHEADS
2-05-2 , BAY H-3

1

v

REPAIR WARHEADS FAILING
LEAK TEST
2-05-2 ,BAY D

T

v

REPAIR WARHEADS WITH
CHIPPED POTTING MATERIAL
2-05-2, BAY D




RECEIVE , REST STORE &
TRANSFER COMPOSITION B

2-06-2

a7l

PREPARE FOR MELT

OPERATIONS

2-05-2,2nd & 3rd FLOORS

VISUALLY

INSPECT &
COMPOSITION B

MELT

2-05-2, 3rd FLOOR, BAY M

LOAD WARHEADS
2-05-2, BAY G

YEARLY ELECTRICAL CONSUMPTION FOR

RECEIVE & REST STORE
INERT MATERIALS
i 2-01, 2-04, 2-16-2 38

M7t2 , WARHEAD , GM , HE

COPPERHEAD

UNPACK METAL PARTS
2-05-2,BAY C 38

INSPECT & WEIGH METAL

= PARTS R
2-05-2 ,BAYS D 8 C

CONDITION

2-05-2 , BAY E

WARHEADS

REMOVE RISERS & CLEAN

2-05-2, BAY H-3 & BAY D

FUNNELS

MACHINE FUZE CAVITY

B

2-05-2 , BAY X-3

CLEAN WARHEADS WITH

ACETONE
2-05-2 , BAY D

2

2-0

INSPECT

WARHEADS
5-2, BAY D OR BAY X-3

X-RAY WARHEADS

2-10

25

REPAIR CAST DEFECTS IN

WARHEADS

2-05-2 , BAY X-3

}

STENCIL WARHEADS

2-05-2 , BAY C

2

PACK WARHEADS IN METAL

PACKING CONTAINER

2-05-2, BAY C

INSTALL WARHEAD METAL
PARTS IN CONDITIONING
CHESTS
2-05-2 , BAY E

PREHEAT WARHEAD METAL
PARTS
2-05-2 , BAY E

SUMP OQUT WARHEADS
2-05-2 , SUMP ROOM

I

v

INSPECT SUMPED OUT
WARHEADS
2-05-2 , BAY D

T

v

REJECTS 2

PAINT WARHEAD INTERIOR
2-05-2 ,BAY C

NOTES:
TOTAL CONSUMPTION { STANDARO PRODUCTION) = 162 MBTU.

v

TOTAL CONSUMPTION {MOBILIZATION)» 324 MBTU.

FIBURES ARE IN SQUARES,

LEAK TEST SUMPED OUT
WARHEADS
2-05-2 , BAY H-3

ALL FIGURES ARE GIVEN IN MSTU.
STANOARD PROOUCTION FIGURES ARE SASED ON 9376 WARHKEAOS

T

v

PER YEAR. MOBILIZATION FIQURES ARE BASEO ON 19,200
WARHEAOS PER YEAR.

REPAIR WARHEADS FAILING
LEAK TEST
2-05-2 , BAY D

¥

|
|
|
|
|
|
!
I
I
I
I
]
|
|
|
STANDARO PROOUCTION FIGURES ARE UNOERLINEO , MOBILIZATION :
I
I
|
|
|
|
|
|
|
|
L

SHIP WARHEADS 38

2-186-2 , 2-05-1 DOCK

REPAIR WARHEADS WITH
CHIPPED POTTING MATERIAL
2-05-2 , BAY D




RECEIVE , REST STORE &
TRANSFER COMPOSITION B
2-06-2

PREPARE FOR MELT
OPERATIONS 15
2-05-2,2nd 8 3rd FLOORS

VISUALLY INSPECT & MELT
COMPOSITION B 16
2-05-2, 3rd FLOOR, BAY M

LOAD WARHEADS
2-05-2, BAY G

YEARLY AIR CONSUMPTION FOR

M712 , WARHEAD

COPPERHEAD

CONDITION WARHEADS
2-05-2 , BAY E

REMOVE RISERS 8 CLEAN
FUNNELS
2-05-2, BAY H-3 & BAY D

MACHINE FUZE CAVITY
E] 2-05-2, BAY X-3

CLEAN WARHEAOS WITH
ACETONE
2-05-2 , BAY D

INSPECT WARHEADS
2-05-2, BAY O OR BAY X-3

X-RAY WARMEADS
2-10 o

REPAIR CAST OEFECTS IN
WARHEAOS
2-05-2 , BAY X-3

I

STENCIL WARHEAOS
2-05-2, BAY C

PACK WARHEADS IN METAL
PACKING CONTAINER
2-05-2, BAY C

o >

NOTES*

TOTAL CONSUMPTION ( STANDARD PROOUCTION )= 43 MBTU,
TOTAL CONSUMPTION ( MOBILIZATION )= 88 MBTU.
STANDARD PROOQUCTION FIGURES ARE UNDERLINEO , MOBILIZATION

FIGURES ARE IN SOUARES.
ALL FIGURES ARE GIVEN IN MBTU.

STANOARO PROOUCTION FIGURES ARE BASEO ON 987€¢ WARHEADS
PER YEAR. MOBILIZATION FIGURES ARE BASEO ON 19,200

WARHEAOS PER YEAR.

RECEIVE 8 REST STORE
INERT MATERIALS
2-01, 2-04, 2-16-2

GM , HE

UNPACK METAL PARTS
2-05-2, BAY C

INSPECT & WEIGH METAL
PARTS
2-05-2 , BAYS 0 & C

INSTALL WARHEAO METAL
PARTS IN CONOITIONING
CHESTS
2-05-2 , BAY E

SHIP WARNEADS
2-16-2 , 2-05-1 DOCK

PREMEAT WARHEAO METAL
PARTS
2-05-2 , BAY E

SUMP OUT WARHEADS
2-05-2 , SUMP- ROOM

v

INSPECT SUMPEO OUT
WARHEADS
2-05-2 ,BAY D

T

v

PAINT WARHEAOQO INTERIOR
2-05-2 ,BAY C

T

1

LEAK TEST SUMPED oOuT
WARHEAOS
2-05-2 , BAY H-3

v

REPAIR WARHEADS FAILING
LEAK TEST
2-05-2 , BAY 0

v

REPAIR WARHEAOS WITH
CHIPPED POTTING MATERIAL
2-05-2 , BAY ©




M207€l, HE, WARHEAD SECTION (I-TOW)

PROCESS DESCRIPTION

The M207E1 (I-TOW) Warhead 1is a pressed billet containing approximately
4.5 pounds of LX~14-0 explosive. A standard production rate of 38,808 war-
heads per year has been used in this report. The mobilization production
rate, according to the latest IAAP mobilization schedule, 1s 54,000 warheads
per year.

The warhead inert materials are recelved at a load line storage building
and are transferred to thelr designated storage location In the press build-
ing. Explosive materials are recéived at service magazines, then transferred
to the press bullding for processing as needed.

LX-14-0 is preheated in electrically operated ovens to a temperature
of 230°F, Press tooling is preheated by hot water to a temperature of 230°F,
Billets are pressed and allowed to cool for a minimum of one shift, then are
transferred to conditioning ovens. Conditioning cycle consists of alter-
nating periods at 160°F and at ambient temperature, taking place over a two
day span.

Conditioned hillets are bonded to warhead body;.initiation train is
assembled to body. Warhead subassemblies are transferred to x-ray.

After x-ray, the warhead subassemblies are transferred to final assembly
area, where fuze probe assembly 1is completed. Accepted warheads are stenciled,
packed and shipped out.

This process description was extracted from TAAP Standing Operating
Procedure No. 804, Press, Assemble, Pack and Ship I-TOW Warhead Section,

GM, M207El.
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PROCESS FLOW FOR

M207EI, WARHEAD , GM, HE

RECEIVE 8 TRANSFER
PBXN-5 POWDER
6-92 , BAY 'K' 8 LOADING DOCK

INSPECT PBXN-5 POWDER
6-18-1

PREPARE PRESS FOR
MAKING PELLETS
6-49 , BAY 'G'

[TOW

RECEIVE 8 TRANSFER
INERT MATERIALS
6-92 DOCK , 6-49

PREWEIGH 8 PREHEAT
PBXN-5 POWDER
6-49 , BAY 'E'

PRESS BOOSTER PELLET
M207E!
6-49

PRESS PIC M20TE!
6-49 , BAY D'

SHIP PELLETS 8 PIC'S
FROM LINE
6-92 LOADING DOCK

N0 =




PROCESS FLOW FOR

M207El, WARHEAD , GM, HE

ITOW

RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
-7, 1-72, 1-73, 1-10

INSPECT CONDITIONEO
PRESSED BILLETS
1-10, BAY 'F'

INSPECT , PREWEIGH 8
PREHEAT LX-14-0 EXPLOSIVE
-0, BAYS 'K,V E,'D

ASSEMBLE BILLET TO BODY
1-0, BAY 'G'

RECEIVE 8 TRANSFER
INERT MATERIALS
=71, 072 , 1-73 | 1-10

T

v

v

.

PRESS ITOW BILLET
10, BAYS ‘A 'B'.'C’,'0’,'E’

ASSEMBLE INITIATION
TRAIN
1-10 , BAY ‘I’

ESTANE COAT LINERS
I-12, BAY ‘W OR 1-10, BAY ‘N’

RECEIVE & TRANSFER
INERT MATERIALS
=70, 010, 1-61, 164 , 1-72,1-40

HEAT CONDITION
PRESSEQ BILLETS
1-72

RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
1-07 , 1-40

PREPARE FUZE PROBE
ASSEMBLIES
1-40 , BAY ‘A’

RECEIVE , INSPECT 8
PREPARE WARHEADS FOR
BODY ASSEMBLY
1-40, BAY 'B'

ASSEMBLE FUZE PROBE
ASSEMBLY TO WARHEAD
-40 , BAY 'C’

PREPARE DEVCDN AOHESIVE
1-4D , BAY 'MW’

TOUCH-UP  PAINT
ON WARHEAO
I1-40, BAY D

PACK WARHEAQS IN WOO0O
PACKING BOXES
1-40, BAY °F’

ASSEMBLE CONOUIT
TO WARHEAOQ
1-40, BAY ‘W'

STENCIL WARHEAO
1-40 , BAY '

SHIP WARHEAOQS
=71

I

CURE 8 CLEAN WARHEAQ
1-40 , BAY 'K’ (E,6G)

MARK BARRIER BAG &
PACKING CARTON
1-40, BAY 'I'

I

CONNECT WIRE FROM
FURE PROBE ASSEMBLY TOD
S 8 A DEVICE
1-40, BAY ‘D’

PACK WARHEAQ IN

POLYSTYRENE SUPPORT PACK| |

OR SAODLE PACK
1-40 , BAY 'I'
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Energy Consumption

The process energy consumed in the production of the M207E1, HE Warhead
(I-TOW) totaled 1,797 MBTU per year at a production rate of 38,808 war-
heads per year as produced at the Iowa Army Ammunition Plant. This is
equivalent to 46,297 BTU per warhead. Planned mobilization production of
54,000 warheads per year would consume 2,500 MBTU per year.

The following charts show a breakdown of energy consumption by pro-
duction step and form of energy.

The energy required to air condition the billet press bays is 544
MBTU per year, which 1s equivalenf to 14,022 BTU per warhead. This energy
is not 1isted on the charts, but should be considered part of the process
energy total because the cooling load imposed is from heated process equip-

ment.
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YEARLY STEAM CONSUMPTION FOR

M207El, WARHEAD, GM, HE
[ TOW

RECEIVE 8 TRANSFER RECEIVE 8 TRANGLIEK
PBXN-5 POWDER INERT MATERIALS
6-92 , BAY 'K' 8 LOADING DOCK 6-92 DOCK , 6 49

INSPECT PBXN-5 POWDER
6-18-1

PREPARE PRESS FOR
MAKING PELLETS
6-49 , BAY 'G'

PREWEIGH 8 PREHEAT
PBXN-5 POWDER
6-49 , BAY £’

NOTE:
PRESS BOOSTER PELLET . PROCESS STEAM (S NOT REQUIRED FOR PELLET
M207EI PRESSING OPERATION.

6-49

PRESS PIC M207EI
6-49 , BAY D'

SHIP PELLETS 8 PIC'S
FROM LINE
6-92 LOADING DOCK

= R =



YEARLY STEAM

CONSUMPTION FOR

M207El, WARHEAD, GM, HE

[ TOW

RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
.72, 1-73, 1410

INSPECT CONDITIONED
PRESSEO BILLETS
1-10, BAY 'F’

INSPECT | PREWEIGH 8
PREMEAT LX-14-0 EXPLOSIVE
-0, Bars 'K,V /E,'O

ASSEMBLE BILLET TO BOOY

RECEIVE 8 TRANSFER
INERT MATERIALS
178, 1-72 , 1-73, 1-10

1-10, BAY 'G'

.

|

PRESS ITOW BILLET
10, BAYS 'A'8.C,'D'E’
112225 {lss1,57]

ASSEMBLE INITIATION
TRAIN
I-10, BAY 'I'

ESTANE COAT LINERS
1-12, BAY 'W' OR 1-10, BAY 'N

RECEIVE & TRANSFER
INERT MATERIALS
=71, 011, 1-61 , 164 , I-72,1-4C

HEAT CONDITION
PRESSEQ BILLETS
1-72

RECEIVE , REST STORE &

TRANSFER EXPLOSIVE
-

COMPONENTS
1-07 , 1-40

PREPARE FUZE PROBE
ASSEMBLIES
1-40 , BAY ‘A

RECEIVE , INSPECT &
PREPARE WARHEAOS FOR
BOOY ASSEMBLY
1-40, BAY 'B'

NOTES.

[N BT

TOTAL CONSUMPTION { STANDARD PRODUCTION } = 1122.28
TOTAL CONSUMPTION { MOBILIZATION) ¢ I1861.87

. MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU,

. STANDARD PRODUCTION FIGURES ARE BASED ON 38,808

WARHEADS PER YEAR. MOBILIZATION FIGURES ARE BASED

ON 54,0DD WARHEADS PER YEAR.

ASSEMBLE FUZE PROBE

ASSEMBLY TO WARHEAD
I-40 , BAY 'C’

PREPARE DEVCON ADMESIVE
1~40, BAY 'H’

TOUCH-UP  PAINT
ON WARHEAD
1-40, BAY D

PACK WARHEADS N wOOC

_ PACKING BOXES

1-40, BAY 'F'

ASSEMBLE CONOUIT
TO WARHEAD
1-40, BAY 'H’

STENCIL WARHEAO
1-40 , BAY '

SHIP WARHEAOS
1-71

:

L

CURE 8 CLEAN WARHEAD
1-40, BAY 'K’ (E,G)

MARK BARRIER BAG &
PACKING CARTON
1-40, BAY I

A

CONNECT WIRE FROM
FUZE PROBE ASSEMBLY T0
S & A DEVICE
1-40, BAY 'Q'

PACK WARHEAD IN
POLYSTYRENE SUPPORT PACK
OR SADDLE PACK
1-40 , BAY 'I'
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YEARLY ELECTRICAL CONSUMPTION FOR

M207El , WARHEAD , GM , HE

RECEIVE & TRANSFER
PBXN-5 POWDER
6-92 , BAY 'K' 8 LOADING DOCK

INSPECT PBXN-5 POWDER
6-18-1

PREPARE PRESS FOR
MAKING PELLETS
6-49 , BAY 'G'

[TOW

RECEIVE 8 TRANSFER
INERT MATERIALS

6-92 DOCK , 6-49
8.24 [39.29]

PREWEIGH & PREHREAT
PBXN-5 POWDER

ot 6-49 , BAY 'E' [o.ls:]

PRESS BOOSTER PELLET
M207E|

0.04 - [o.06]

PRESS PIC M207EI
6-49 , BaY 'D'

SHIP PELLETS & PIC'S
FROM LINE
6-92 LOADING DOCK

I ST

NOTES!

TOTAL CONSUMPTION ( STANDARD PRODUCTION ) » 28.39
TOTAL CONSUMPTION ( MOBILIZATION ) » 39,50
MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN N MBTU,

STANDARD PRODUCTION FIGURES ARE BASED ON 38,808
WARHEADS PER YEAR. MOBILIZATION FIGURES ARE BASED
ON 54,000 WARHEADS PER YEAR.
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M207El , WARHEAD , GM , HE

YEARLY ELECTRICAL

CONSUMPTION FOR

I TOW

RECEIVE . REST STORE & SPECT Tl RECEIVE 8 TRANSFER
TRANSFER EXPLOSIVE INSREG TCONDITIONED
COMPONENTS - PRESSEO BILLETS INERT MATERIALS
1-10, BAY 'F' =71, 1-72 ,1-73 , 1-10
171, 1-72, 1-73, 1110 2.27 6] 28.24 [39.29)
INSPECT , PREWEIGH
i EWEISH B8 ASSEMBLE BILLET TO BODY ESTANE COAT LINERS
PREHEAT LX-14-0 EXPLOSIVE e o
et o tes 1-10, BAY 'G 1-12, BAY 'W OR 1-10, Bay o
-0, BAYs K,V E','D
145.41 [202.34) ZoL [e.75] 14087 [5s.07]
PRESS 1TOW BILLET ASSEMBLE INITIATION RECEIVE & TRANSFER
-0, BAYS 'AE.C L.D. e TRAIN * INERT MATERIALS
' I, 110, BaY 'I' 1=71, 111, 1-60, 164 , 1-72 .1 4u
204.28 [204.24] 30.29 [s2.15]
HEAT CONOITION RECEIVE , REST STORE & PREPARE FUZE PROBE RRCHIUEL I NSRECT o8
PREPARE WARHEA FOR
PRESSEO BILLETS — TRANSFER EXPLOSIVE 0 ASSEMBLIES ERERE O3
172 COMPONENTS I BOOY ASSEMBLY
51.51 [n.s7) 1-07 , 1-40 1-40, BAY 'B
NOTES:

L TOTAL CONSUMPTION { 8TANDARO PRODUCTION ) = 583.43
2. TOTAL CONSUMPTION ( MOBILIZATION)= 783,99

3. MOBILIZATION FIGURES ARE IN BRACKETS.

4. ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.

5. STANOARD PROOUCTION FIGURES ARE BASED ON 38,808
WARHEAOS PER YEAR. MOBILIZATION FIGURES ARE BASEOQ

ON 54,000 WARHEAOS PER YEAR,

ASSEMBLE FUZE PROBE
ASSEMBLY TO WARHEAD
1-40 , BAY ‘C’

TOUCH-UP  PAINT

PACK WARHEADS IN WO0O0O

PRERARE |OEVCON. JAGHESIVE|] ON WARHEAD >l PACKING BOXES
ISSOFRBAYH I-40, BAY 0© 1-4D, BAY 'F
6.34 [s.23] 15.30 (2129}

ASSEMBLE CONOUIT
TO WARHEAD
1-40, BAY 'H'

STENCIL WARHEAD

1-40 , BAY V'
(5.

SHIP WARHEADS

1-71
[39.29)

28.24

|

—

CURE 8 CLEAN WARHEAD
1-40 , BAY 'K (E,G)

MARK BARRIER BAG &
PACKING CARTON
1-40, BAY 'I'

CONNECT WIRE FROM

S & A DEVICE
1-40, BAY '0'

FUZE PROBE ASSEMBLY To | |

+
PACK WARHEAD IN

OR SADDLE PACK
1-40 , BAY 'I'

POLYSTYRENE SUPPORT PACK |
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YEARLY AIR CONSUMPTION FOR

M207E!, WARHEAD , GM, HE
[ TOW

RECEIVE & TRANSFER RECEIVE & TRANSFER
PBXN-5 POWDER INERT MATERIALS

6-92, BAY 'K’ 8 LOADING DOCK 6-92 DOCK , 6-49

INSPECT PBXN-5 POWDER
6-18-1

PREPARE PRESS FOR
MAKING PELLETS
6-49 , BAY 'G'

PREWEIGH 8 PREHEAT
PBXN-5 POWDER
6-49 , BAY 'E'

NOTE:

PRESS BOOSTER PELLET I. COMPRESSED AIR IS NOT REQUIRED FOR PELLET
M207EI PRESSING OPERATION .
6-49

PRESS PIC M207EI
6-49 , BAY D'

SHIP PELLETS & PIC'S
FROM LINE
6-92 LOADING DOCK

e



RECEIVE , REST STORE 8

YEARLY AIR CONSUMPTION FOR

M207El, WARHEAD , GM, HE

[TOW

TRANSFER EXPLOSIVE

INSPECT CONDITIONED

RECEIVE & TRANSFER
INERT MATERIALS

=701, 1-72 , 1-73, 1-10

:

COMPONENTS - PRESSED BILL.ETS
1-10, BAY 'F
T, 172, 1-73, 110 13.02 [ie.i]
INSPECT , PREWE IGH
EWE b ASSEMBLE BILLET TO BOOY
PREMEAT LX-14-0 EXPLOSIVE Tom ol e
1110, BAYS 'K, V' E','D '
0.1l (0.15]
SRESS W 2 ASSEMBLE INITIATION
1-10, BAYS 'A9\YB' !'Btlz‘LL‘dT'E' UEAIN
' Ty 1-10 , BAY 'I'

ESTANE COAT LINERS
1-i2, BAY 'W' OR |-10, BAY N

[24.22]

17.41

RECEIVE 8 TRANSFER
INERT MATERIALS
=70, 0-11, 181,164, 1-72 ,1-40

i L TRANSFER EXPLOSIVE
PRESSED BILLETS — — ASSEMBLIES
- BODY ASSEMBLY
1-72 COMPONENTS 1-40 , BAY & = =
1-07 , 1-40 1-40, BAY ‘B

RECEIVE , REST STORE 8

PREPARE FUZE PROBE

RECEIVE , INSPECT &
PREPARE WARHEAOQS FOR

LI IS

NOTES!

. TOTAL CONSUMPTION ( STANOARO PROOUCTION ) = B2.61
. TOTAL CONSUMPTION ( MOBILIZATION) = 114,93

MOBILIZATION FIGURES ARE IN BRACKETS.
ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.

STANOARO PROOUCTION FIGURES ARE BASEO ON 38,808
WARHEAOS PER YEAR. MOBILIZATION FIGURES ARE BASEOQ

ON 34,000 WARHEADS PER YEAR.

'

ASSEMBLE FUZE PROBE

ASSEMBLY TO WARHEAD
1-40 , BAY 'C’

[38.62]

42.13

PREPARE DEVCON ADHESIVE
1~40, BAY 'H'

TOUCH-UP  PAINT
ON WARHEAD

1-40, BAY D

[o.60]

PACK WARHEADS IN wOOD
PACKING BOXES
1-40, BAY 'F'

0.43

.

ASSEMBLE CONOUIT
TO WARHEAD
1-40, BAY 'H

[is.23]

9.51

STENCIL WARHEAO
1-40 , BAY V'

SHIP WARHEADS
1-71

!

|

CURE 8 CLEAN WARHEAD
1-40 , BAY 'K (E,G)

MARK BARRIER BAG &
PACKING CARTON
1-40, BaY 'I'

|

CONNECT WIRE FROM
FUZE PROBE ASSEMBLY TO
S 8 A DEVICE

PACK WARHEAD IN

OR SADODLE PACK
1-40 , BAY 'I'

POLYSTYRENE SUPPORT PACK | |

t-40, BAY 'Q'
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M54941, 155MM, HE, RA, PROJECTILRE

PROCESS DESCRIPTION

The M549A1 1s a rocket assisted projectile with a warhead containing
approximately 18 pounds of TNT. A standard production rate of 99,036 pro-
jectiles per year was used in this report. The mobilization production rate,
according to the latest TAAP mobilization schedule, 1s 585,600 projectiles
per year.

Inert materials are received at load line storage bulldings. Warheads
are unpacked, prepared for loading, and transferred to the melt building
as needed. FExplosive materials afe recelved at a service magazine and
transferred to the melt building for processing as needed.

TNT 1is melted in a grid melt unit and mixed with TNT feather in a melt
kettle, at a temperature of 190°F, Approximately 18 pounds of TNT are poured
into the warheads, which are then loaded into the curing oven. After curing,
the warheads are probed with a hot probe to remove cavitles formed in the
casting, and allowed to cool for ten minutes. Molten TNT 1s then added and
the warheads are allowed to cool for a minimum of ten hours. The riser is
then removed, and the warheads are probed again. Th£s is followed by a
second add pour. After the second add pour, the warheads are allowed to
cool for a minimum of two hours, then are transferred to rest store. The
warheads are cleaned and drilled, liners are inserted, and they are then
x-rayed to check for defects. Accepted warheads are palletized and shipped
intraplant to the post cyclic heating area, where they are maintained at
135 - 150°F for 12 - 18 hours, allowed to cool to no less than 70°F for
12 hours, and reheated to 135 - 150°F for 12 - 18 hours. After cooling,

accepted warheads are shipped to the final assembly area.
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The rocket motor bodies are assembled and attached to warheads. The

projectiles are x-rayed, supplementary charges inserted, and the projectiles
are weighed and stenciled. Accepted projectiles are then palletized and
shipped out.
This process description was extracted from the following TAAP Standing
Operating Procedures:
S.0.P No. 765 - TNT Load Warhead for Projectile, 155MM, HE, RA, M549A1
S.0.P. No. 699 - Assemble and Pack Projectile 155MM, HE, RA, M549 and M549A1
S.0.P. No. 764 - Line 3A Service Magazines, Screening Building and Second and
Third Floor Melt Tower Operations.

S.0.P. No. 704 - Post Cyclic Heat, Projectiles and/or Warheads, Yard F

=60 =



PROCESS FLOW FOR

M549 / M549A1 , PROJECTILE

(LINE 3A POUR)

PREPARE FOR LOADING RECEIVE , REST STORE a
DPERATIDNS TRANSFER FLAMMASLE
3A-05-1 , 3A-20-2 MATERIALS
‘ 3A-03-1
PREPARE WARHEAD METAL *
PARTS FOR LOADING RECEIVE 8 REST STORE
3A-05-1 , SDUTH RAMP INERT MATERIALS
‘ 3A-0t 8 3A-p4
LOAD 8 CONDITIDN ¢
WARHEADS PREPARE FDR DPERATIONS
3A-05-1 3A-DI 8 3A-04
PRDSE WARHEADS PREPARE WARHEADS
3A-05-1 3A-01 8 34-04
DRAW TNT FDR CLEAN 8 TOUCH UuP
ADD-POUR INTERIDR OF WARHEADS
3A-D5-1 3A-04
ADD-POUR & COOL TRANSFER MATERIALS
WARHEADS 3A-04
3A-05-1

s

REMOVE FUNNELS , KNOCK OUT]

RISERS 8 REPOSITION

FUNNELS IN WARHEADS
3A-05-1

STEAM CLEAN WARHEADS
3A-DS-2 SUMP

= v

PROBE WARHEADS DRILL. WARHEADS
3A-D5-1 3A-10-5,BAYS B & C

I v

INSERT LINERS
ADD-PDUR WARHEADS , BLEND
0Dy 3A-10-5 OR 3A-05-2

TNT 8 COOL WARHEADS G———I
3A-05-1 | ‘
¢' : TRANSFER WARHEADS
REMDVE FUNNELS 8 KNDCK I BAZID=SE{3A72022rE3AZIDD
DUT RISERS | ‘
3A-05-1 OR 3A-20-2 |
| X-RAY WARHEADS
‘ | 3A-100
|
REST STDRE & TRANSFER | ‘
WARHEADS
3A-05-2 OR 3A-20-2 : PALLETIZE WARHEADS
T I 3A-D5-2, BAY A
A 4 | ‘
REPAIR OR REWORK CASTS I
IN WARHEADS - ——— PDST CYCLIC HEAT ~ TRANSFER WARHEADS
3A-05-1 OR 3A-10-5 YARD F TO LINE 2




RECEIVE , REST STORE &
TRANSFER PROPELLANT
2-1%

v

RECEIVE , REST STORE &
TRANSFER DELAY ASSEMBLY
2-1%

v

ASSEMBLE GRAIN SUPPORT
TO TRAP AS REQUIRED

PROCESS FLOW FOR

M549 / M549AI , PROJECTILE

(LINE 2 ASSEMBLY)

RECEIVE & REST STORE
INERT MATERIALS
2-01

2-10 , BAY G

v

CHECK MOTOR BODIES
2-10 ,BAYS G & H

v

ASSEMBLE DELAY ASSEMBLY
TO MOTOR BODY
2-10,BAY G

v

ASSEMBLE ROCKET-OFF CAP
TO MOTOR BODY
2-10,BAY G

PREPARE WARHEAD FOR
ASSEMBLY
2-10,BAY H

v

MACHINE STAMP WARHEAD
METAL PARTS LOT NUMBER
ON ROTATING BAND OF
MOTOR - BODY
2-10,BAY D

v

ASSEMBLE AFT PROPELLANT
GRAIN , CUSHION & GRAIN
SUPPORT BONDING ASSEMBLY
TO MOTOR BODY
2-10,BAY G

ASSEMBLE WARHEAD TO
ROCKET MOTOR
2-10 ,BAY E

¥

v

ASSEMBLE SPACER , GASKET
8 LIFTING PLUG
2-10,BAY D

X-RAY PROJECTILES
2-10

¥

Y

v

ASSEMBLE FORWARD
PROPELLANT GRAIN
2-10, BAY G

ASSEMBLE OBTURATOR
2-10,BAY D

TIGHTEN ROCKET-OFF CAP
8 LIFTING PLUG
2-10,BAY D

v

v

¥

RECEIVE/. REST STORE &
TRANSFER SUPPLEMENTARY
CHARGES

2-17, 2-16, 2-10

INSPECT FOR OBTURATOR
8 TOUCH UP PAINT ON
PROJECTILES
2-10,BAY D

ASSEMBLE GROMMET TO
PROJECTILE
2-10,BAY D

v

‘

STENCIL PALLET TOPS
2-10, BAY K

v

RECEIVE 8 TRANSFER
WARHEADS
2-12 ,2-16-1 ,2-10 BAYS F,H,M,N

INSERT SUPPLEMENTARY
CHARGE 8 ZONE WEIGH
PROJECTILES
2-10, BAY D

v

v

v

RING GAGE & PALLETIZE
PROJECTILES
2-10,BAY D

INSTALL INSULATION ON
WARHEAD AS REQUIRED
2-10,BAY I

STENCIL PROJECTILES
2-10,BAY D

v

v

STRAP PALLETS
2-10,BAY DOR I

STAKE ZONE SQUARES
2-10,BAY D

v

SHIP PROJECTILES
2-10, 2-16-1 , 2-12 DOCK




Energy Consumption

The process energy consumed in the production of the MS549A1, HE, Pro-
Jectile totaled 5,107 MBTU per year at a production rate of 99,026 projectiles
per year as produced at the Iowa Army Ammunition Plant. This amounts to
51,572 BTU per projectile. Planned mobilization production of 585,600 pro-
Jectiles per year would consume 29,417 MBIU per year.

The following charts show a breakdown of energy consumption by pro-

duction step and form of energy.
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PREPARE FOR LOADING
OPERATIONS
3A-05-1 , 3A-20-2

v

PREPARE WARHEAO METAL
PARTS FOR LOADING

YEARLY STEAM CONSUMPTION FOR

M549 / M549Al1 , PROJECTILE

(LINE 3A POUR)

3A-05-1 , SOUTH RAMP

z

LOAD & CONDITION
WARHEADS
3A-05-1

v

PROBE WARHEADS
1184.54  3A-05-1 [5220.04]

v

DRAW TNT FOR
ADD-POUR
3A-05-1

:

ADD-POUR & COOL
WARHEAOS
3A-05-1

!

REMOVE FUNNELS , KNOCK OUT
RISERS & REPOSITION
FUNNELS IN WARHEAOS

3A-05-1

v

PROBE WARHEADS
3A-05-1

.

ADD-POUR WARHEADS , BLEND

RECEIVE , REST STORE 8
TRANSFER FLAMMABLE
MATERIALS
3A-03-1

v

RECEIVE 8 REST STORE
INERT MATERIALS
3A-01 8 3A-04

v

PREPARE FOR OPERATIONS
3A-01 8 3A-04

!

PREPARE WARHEADS
83,33 3A-0I 8 3A-04[504.68]

v

CLEAN & TOUCH up
INTERIOR OF WARHEADS
3A-04

¥

TRANSFER MATERIALS

3A-04

STEAM CLEAN WARKEAOS

[368.38 3A-05-2 SUMP{2160.39)

v

NOTES!

DRILL WARHEADS
3A-10-5, BAYS B &8 C

L. TOTAL CONSUMPTION { STANOARO PROOUCTION )« 5945.76
2. TOTAL CONSUMPTION ( MOBILIZATION )= 21547.18
MOBILIZATION FIGURES ARE IN BRACKETS.

v

INSERT LINERS
3A-I0-5 OR 3A-05-2

. ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.

3

4
STANOARD PROOUCTION FIGURES ARE BASEO ON 99,036
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE
BASEO ON 585,600 PROJECTILES PER YEAR.

TNT & COOL WARHEADS |4~ |
3A-05-1 | *
‘ : TRANSFER WARHEADS
REMOVE FUNNELS 8 KNOCK | L2 Aa20: 2013 AZ100
OUT RISERS | ‘
3A-05-1 OR 3A-20-2 |
| X-RAY WARHEADS
l ! 3A-100
|
REST STORE & TRANSFER | ¢
WARHEAOS
3A-05-2 OR 3A-20-2 : PALLETIZE WARHEADS
T | 3A-05-2, BAY A
\ 4 I ‘
REPAIR OR REWORK CASTS |
IN WARHEAOS - - —d POST CYCLIC HEAT

3A-05-1 OR 3A-10-5

TRANSFER WARHEADS

YARO F [13862.08]

2310, 81,

A 4

TO LINE 2




YEARLY STEAM CONSUMPTION FOR

MS549 / M549AI , PROJECTILE

(LINE 2 ASSEMBLY)

RECEIVE , REST STORE & NOTE : RECEIVE & REST STORE
TRANSFER PROPELLANT INERT MATERIALS
2415 NO PROCESS STEAM REQUIRED FOR LINE 2 ASSEMBLY. 2-01

v

RECE!VE , REST STORE a
TRANSFER DELAY ASSEMBLY
2-15

v

ASSEMBLE GRAIN SUPPORT
TO TRAP AS REQUIREO
2-10, BAY G

v

CHECK MOTOR BODIES
2-10,BAYS G & H

v

ASSEMBLE OELAY ASSEMBLY

TO MOTOR BOOY MACHINE STAMP WARHEAD
2-10,BAY G PREPARE WARHEAO FOR METAL PARTS LOT NUMBER
ASSEMBLY ON ROTATING BANO OF
‘ 2-10,BAY H MOTOR BOOY
ASSEMBLE ROCKET-OFF CAP ‘ 2-10,BAY D
TO MOTOR BOOY ‘
2-10,BAY G ASSEMBLE WARHEAO TO
ROCKET MOTOR ASSEMBLE SPACER , GASKET
4 2-10,BAY E 8 LIFTING PLUG
ASSEMBLE AFT PROPELLANT ‘ 2-0,BAY 0
GRAIN , CUSHION 8 GRAIN ¢
SUPPORT BONOING ASSEMBLY X-RAY PROJECTILES
T0 MOTOR BOOY 2-10 TIGHTEN ROCKET-OFF CAP
2-10, BAY G 8 LIFTING PLUG
* ¢ 2-10, BAY D
ASSEMBLE OBTURATOR $
ASSEMBLE FORWARD 2-10, BAY D
PROPELLANT GRAIN ASSEMBLE GROMMET TO
2-10, BAY 6 * PROJECTILE
l INSPECT FOR OBTURATOR ZRICHBAY. 0
a TOUCH UP PAINT ON ‘
RECEIVE , REST STORE 8 PROJECTILES
TRANSFER SUPPLEMENTARY 2-10, BAY © STENCIL PALLET TOPS
CHARGES 2-10, BAY K
2-17, 2-16 , 2-10 ‘ *
‘ INSERT SUPPLEMENTARY
CHARGE 8 ZONE WEIGH RING GAGE 8 PALLETIZE
RECEIVE 8 TRANSFER PROJECTILES PROJECTILES
WARHEAOS 2-10, BAY © 2-10, BAY D
2-12 ,2-16-1,2-10 BAYS F,H,M,N ‘ *
‘ STENCIL PROJECTILES STRAP PALLETS
INSTALL INSULATION ON 2-10,BAY D 2-10, BAY D OR 1
WARHEAO AS REOUIREO
2-10,BAY I ‘ ‘
STAKE ZONE SOUARES SHIP PROJECTILES
2-10, BAY © 2-10, 2-16-1 , 2-12 DOCK
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PREPARE FOR LOADING
OPERATIONS
3A-05-1 , 3A-20-2

v

PREPARE WARHEAD METAL

YEARLY ELECTRICAL CONSUMPTION FOR

M549 / M549Al , PROJECTILE

{ LINE 3A POUR)

PARTS FOR LOADING
3A-05-1 , SOUTH RAMP

[28.50 | ¢ i50.82)

LOAD & CONDITION
WARHEADS

375.38  3A-05-1 [2219.60]

v

PROBE WARHEADS
45.09  3A-05-1 [266.60]

v

DRAW TNT FOR
ADD-POUR
3A-05-1

L

ADD-POUR & COOL
WARHEADS
3A-05-1

v

REMOVE FUNNELS , KNOCK OUT
RISERS & REPOSITION
FUNNELS IN WARHEADS
3A-05-1

‘

PROBE WARHEADS
45.09 3A-05-1 [266.60]

v

ADD-POUR WARHEADS , BLEND

RECEIVE , REST STORE &
TRANSFER FLAMMABLE
MATERIALS

3A-03-1

v

RECEIVE 8 REST STORE
INERT MATERIALS
12.23  3A-0l & 3A-04 [72.34]

!

PREPARE FOR OPERATIONS
3A-01 & 3A-04

¥

PREPARE WARHEADS
5.03 3A-01 8 3A-04 [29.77]

v

12.23

CLEAN 8 TOUCH UP
INTERIOR OF WARHEADS

38-04 [72.34]

v

STEAM CLEAN WARHEADS

3A-0%5-2 SUMP

v

DRILL WARHEADS
3A-10-5, BAYS B & C

12.23

TRANSFER MATERIALS

3a-04 [72.34]

NOTES:

I. TOTAL CONSUMPTION (STANOARO PROOUCTION )= €90.72

2. TOTAL CONSUMPTION ( MOBILIZATION }= 40B4.44
S. MOBILIZATION FIGURES ARE IN BRACKETS.

72.31 ‘ I {42760}

INSERT LINERS
3A-10-5 OR 3A-05-2

4. ALL. CONSUMPTION FIGURES ARE GIVEN IN MBTU.

8. STANDARD PRODUCTION FIGURES ARE BASEO ON 99,036
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE
BASED ON 585,600 PROJECTILES PER YEAR.

3A-05-1 OR 3A-10-5

TNT & COOL WARHEADS o
3A-05-1 | ‘
¢ : TRANSFER WARHEADS
REMOVE FUNNELS & ,KNOCK | BAzIOZS iR A520024 3A-100)
12.23  OUT RISERS [72.34] | 12.23 | i [ [72.34]
3A-05-1 OR 3A-20-2 | |
| X-RAY WARHEADS
¢ 1 36.71 3a-100 [217.07)
I
REST STORE & TRANSFER | ‘
12.23  WARHEADS [72.34] I
3A-05-2 OR 3A-20-2 | PALLETIZE WARHEADS
T | 3A-05-2, BAY A
A 4 i ‘
REPAIR OR REWORK CASTS |
IN WARHEADS L — POST CYCLIC HEAT

YARD F

12.23
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TRANSFER WARHEADS

To UNE 2 [72.34]




RECEIVE , REST STORE &
TRANSFER PROPELLANT
12.23 2-15  [72.39

v

YEARLY ELECTRICAL CONSUMPTION FOR

M549 / M549Al , PROJECTILE

(LINE 2 ASSEMBLY )

RECEIVE 8 REST STORE
INERT MATERIALS
12.23 2-01  [72.34)

|

RECEIVE , REST STORE 8
TRANSFER OELAY ASSEMBLY
12.23 2-15  [[72.34)

v

ASSEMBLE GRAIN SUPPORT
TO TRAP AS REQUIRED

2-10 , BAY G

v

CHECK MOTOR BOOIES
2-10 ,BAYS G 8 H

v

ASSEMBLE DELAY ASSEMBLY
TO MOTOR BODY
1.80  2-10,BAY G [10.66]

NOTES :

. TOTAL CONSUMPTION { STANDARD PRODUCTION )= 105.04

L

TOTAL CONSUMPTION { MOBILIZATION ) = 621, 3§
MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.
STANDARD PRODUCTION FIGURES ARE BASED ON 99,036

PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE BASED

ON 885,800 PROJECTILES PER YEAR.

v

ASSEMBLE ROCKET-OFF CAP
TO MOTOR BOOY
2-10 ,BAY G

PREPARE WARHEAO FOR
ASSEMBLY
2-10 ,BAY H

v

3

ASSEMBLE AFT PROPELLANT
GRAIN , CUSHION & GRAIN
SUPPORT BONDING ASSEMBLY
TO MOTOR BODY
2-10 ,BAY G

ASSEMBLE WARHEAD TO
ROCKET MOTOR
2-10,BAY E

v

X-RAY PROJECTILES
28.06 2-10 [ies.98]

v

¥

ASSEMBLE FORWARO
PROPELLANT GRAIN
2-10, BAY G

ASSEMBLE OBTURATOR
2-10, BAY O

v

"

RECEIVE , REST STORE 8
TRANSFER SUPPLEMENTARY
CHARGES
2-17, 2-16, 2-10

1.80  2-10,8ay D [10.66]

INSPECT FOR OBTURATOR
8 TOUCH UP PAINT ON
PROJECTILES

v

¥

RECEIVE 8 TRANSFER
12.23  WARHEAOS [72.34])
2-12 ,2-16-1,2-10 BAYS F,H,M\N

INSERT SUPPLEMENTARY
CHARGE & ZONE WEIGH
PROJECTILES
2-10, BAY O

v

v

INSTALL INSULATION ON
WARHEAO AS REQUIRED
2-10,BAY I

STENCIL PROJECTILES
2-10,BAY O

v

STAKE ZONE SQUARES

MACHINE STAMP WARHEAD
METAL PARTS LOT NUMBER
ON ROTATING BANO OF

MOTOR - BOOY
2-10,BAY O

v

ASSEMBLE SPACER , GASKET
& LIFTING PLUG
2-10,BAY D

v

TIGHTEN ROCKET-OFF CAP
8 LIFTING PLUG
2-10,BAY O

v

ASSEMBLE GROMMET TO
PROJECTILE
2-10,BAY O

v

STENCIL PALLET TOPS
2-10, BAY K

v

RING GAGE & PALLETIZE
PROJECTILES
2-10, BAY O

v

STRAP PALLETS
2-10, BAY DOR I

2-10, BAY ©
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[l2.23 ‘ {Cr234] |

SHIP PROJECTILES
2-10, 2-16-1 , 2-12 DOCK

i2.23 l l72.34 I



PREPARE FOR LOADING
OPERATIONS
3A-05-1 , 3A-20-2

M549 / M549Al , PROJECTILE

v

PREPARE WARHEAD METAL
PARTS FOR LOADING

{LINE 3A POUR)

3A-05-1, SOUTH RAMP

0.08 ] IEo.an] ‘

LOAD & CONDITION
WARHEADS
0.03 38-05:1  [0.32]

v

PROBE WARHEADS
16.07 3a-05-1 [9s.03]

— 1

ORAW TNT FOR
ADD-POUR
3A-05-1

2

ADD-POUR & COOL
WARHEADS
3A-05-1

T
4

REMOVE FUNNELS , KNOCK OUT
RISERS & REPOSITION
FUNNELS IN WARHEADS

3A-05-1

v

PROBE WARHEADS
26.78 3A-05-1 [iss.39]

v

ADD-POUR WARHEADS , BLEND

¢ —

YEARLY AIR CONSUMPTION FOR

RECEIVE , REST STORE &
TRANSFER FLAMMABLE
MATERIALS
3A-03-1

v

RECEIVE & REST STORE
INERT MATERIALS
3A-01 & 3A-04

z

PREPARE FOR OPERATIONS
3A-0l & 3A-04

Y

PREPARE WARHEADS
341 3a-01 8 3a-04[188.73)

¥

CLEAN & TOUCH uP
INTERIOR OF WARHEADS
3A-04

v

STEAM CLEAN WARHEAOS

3A-05-2 SUMP

v

TRANSFER MATERIALS
3A-04

DRILL WARHEADS
3A-10-5,BAYS B & C

] ] [l

b T

INSERT LINERS
3A-10-5 OR 3A-05-2

|°'

3A-05-1 OR 3A-10-5

TNT & COOL WARHEADS |
3A-05-1 I ‘
¢ : TRANSFER WARHEADS
REMOVE FUNNELS 8 KNOCK | BARI0=5N3R=2022% 3 RF100;
OUT RISERS | ‘
3A-05-1 OR 3A-20-2 |
| X-RAY WARHEADS
& | 34-100
|
REST STORE & TRANSFER I ‘
31.63  WARHEADS [187.7] I
3A-05-2 OR 3A-20-2 | PALLETIZE WARHEADS
T I 3A-05-2, BAY A
A 4 | ;
REPAIR OR REWORK CASTS |
IN WARHEADS - POST CYCLIC HEAT

YARD F

. TOTAL CONSUMPTION ( STANOARO PROOUCTION }= 121.68
TOTAL CONSUMPTION ( MOBILIZATION }= 719.58
MOBILIZATION FIGURES ARE IN 8RACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.

STANDARD PRODUCTION FIGURES ARE BASEO OM 99,036
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE
BASEO ON 385,600 PROJECTILES PER YEAR.
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TRANSFER WARHEADS
TO LINE 2




YEARLY AIR CONSUMPTION FOR

M549 / M543AI , PROJECTILE

(LINE 2 ASSEMBLY )

RECEIVE , REST STORE &
TRANSFER PROPELLANT
2-1%

v

RECEIVE & REST STORE
INERT MATERIALS
2-0t

I

RECEIVE , REST STORE @&
TRANSFER OELAY ASSEMBLY
2-15

v

ASSEMBLE GRAIN SUPPORT
TO TRAP AS REQUIRED
2-10, BAY G

v

CHECK MOTOR BODIES
2-10 ,BAYS G 8 H

v

ASSEMBLE OELAY ASSEMBLY
TO MOTOR BODY
2-10,BAY G

NDTES.

I. TOTAL CONSUMPTION ( STANOARO PROOUCTION } = 244,26

- A W n

. TOTAL CONSUMPTION ( MOBILIZATION )= 1444.2%
MOBILIZATION FIGURES ARE IN BRACKETS.

. ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU,

. STANDARD PRODUCTION FIGURES ARE BASED ON 99,036

PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE BASEO

ON 585,800 PROJECTILES PER YEAR,

v

ASSEMBLE ROCKET-OFF CAP
TO MOTOR BODY
2-10 ,BAY G

PREPARE WARHEAD FOR
ASSEMBLY
59.42  2-10,BAY H [381.33]

MACHINE STAMP WARHEAO
METAL PARTS LOT NUMBER
ON ROTATING BANO OF

v

MOTOR - BOOY
2-10,BAY D

1

ASSEMBLE AFT PROPELLANT
GRAIN , CUSHION & GRAIN
SUPPORT BONDING ASSEMBLY
TO MOTOR BODY
2-10,BAY G

ASSEMBLE WARHEAD TD
ROCKET MOTOR
17788  2-10,BAY E[lo81.79]

¥

v

ASSEMBLE SPACER , GASKET
& LIFTING PLUG
2-10,BAY 0

X-RAY PROJECTILES
2-10

v

v

v

ASSEMBLE FORWARO
PROPELLANT GRAIN
2-10, BAY G

ASSEMBLE OBTURATOR
3.80 2-10,BAY D [20.72]

TIGHTEN ROCKET-OFF CAP
8 LIFTING PLUG
2-10, BAY D

¥

v

4

RECEIVE , REST STORE &
TRANSFER SUPPLEMENTARY
CHARGES
2-17, 2-16 , 2-10

INSPECT FOR OBTURATOR
& TOUCH UP PAINT ON
PROJECTILES
0.58  2-10,BAY D [3.23]

ASSEMBLE GROMMET TO
PROJECTILE
2-10, BAY D

v

v

STENCIL PALLET TOPS
2-10, BAY K

¥

RECEIVE 8 TRANSFER
WARHEADS
2-12 ,2-16-1,2-10 BAYS F,H,M,N

INSERT SUPPLEMENTARY
CHARGE & ZONE WEIGH
PROJECTILES
2-10, BAY D

!

v

v

RING GAGE & PALLETIZE
PROJECTILES
2-10, BAY O

INSTALL INSULATION ON
WARHEAO AS REQUIREO
2-10,BAY

STENCIL PROJECTILES
2-10,BAY O

v

y

STRAP PALLETS
1.4 2-10, BAY O OR 1[i1.48]

STAKE ZONE SQUARES

0.97  2-10, BAY O [8.74]

v

SHIP PROJECTILES
2-10,2-16-t , 2-12 0OCK
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M718/M741, 155MM, AT, PROJECTILE

PROCESS DESCRIPTION

The M718/M741 1is a projectile contalning 9 mines, each mine containing
approximately 1.3 pounds of PBX explosive. A standard production rate of
36,792 projectiles per year was used in this report. The mobilization pro-
duction rate, according to the latest TIAAP mobilization schedule, 1s 60,000
projectiles per year.

Explosive materials are received at load line service magazines and
transferred to pressing areas as required. Inert materlals are received
and transferred to assembly area as required for production.

PBX 1s processed as required for pressing boosters and main charges.
Powder for maln charges 1s.preheated to a temperature of 200°F; press tooling
is heated by steam to a minimum temperature of 175°F. After pressing,
boosters and main charges are inspected and transferred to rest store until
needed for mine assembly.

Mine electronic components are assembled and inspected, then are trans-
ferred to mine assembly area. Mine bodles are assemhled, with boosters and
main charges, and are cleaned and painted. Mines are cured in a steam heated
curing oven for a minimum of 16 hours at a temperature of 125°F, Palnted
mines are rest stored and then transferred to final assembly building, where
they are loaded into projectile hodies, stenciled, packed and shipped out.

This process description was extracted from IAAP Staunding Operating
Procedure No. 812, Press Boosters and Main Charges for Projectile, 155MM, AT,
M718/M741 and Standing Operating Procedure No. 715, Load, Assemble and Pack

Projectile, 155MM, AT, M718/M741.
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PRESS BOOSTERS

RECEIVE , REST STORE &
TRANSFER POWDER
1-80 , I-67-3

!

INSPECT 8 PREHEAT POWDER
1-67-3

v

SET UP PRESS
1-67-2

:

PRESS BOOSTERS
1-67-2 , 1-67-3

:

TRANSFER 8 REST STORE
-BOOSTERS
1-67-3 , 1-100-1, 1-67-1, 1-64-5

.

PERIODIC 8 END OF SHIFT
CLEAN-UP
1-67-2 , 1-67-3

PROCESS FLOW FOR

M718 /M7l , PROJECTILE
PRESS CHARGES

PRESS MAIN CHARGE:

RECEIVE , REST STORE A
TRANSFER POWDER
1-64-1 , 1-64-2 ,1-64 4

PREPARE POWDER FOR PRESSING
1-63-6 BAY 'C’', 1-63-4 ,1-63-5

y

PREHEAT MEASURED CHARGES
OF POWDER
1-63-4 , 1-63-5

:

SET UP & PREPARE FOR
PRESSING
1-63-4 | 1-63-5

:

PRESS MAIN CHARGES
1-63-4 ,1-63-5

y

REST STORE & TRANSFER
MAIN CHARGES
1-63-4 , 1-63-5 ,1-100-1I
1-65-1,1-65-2

:

PERIODIC & END OF SHIFT
CLEAN-UP
1-63-5




PROCESS FLOW FOR

M718/ M7l , PROJECTILE
MINE ASSEMBLY

RECEIVE , REST STORE &

RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
pal S TRANSFER INERT MATERIALS
TRUCK 0OCK , 1-6 BAYS 'R ,’P’ el

PREPARE FOR ASSEMBLY

FLUOROSCOPE S 8 A DEVICES
1-61 BAY 'Q' OPERATIONS
I-6f UPPER LEVEL
ASSEMBLE ELECTRONIC
LENS-S 8 A/MS PLATE TEST 8 PREPARE ELECTRONIC
SUBASSEMBLY LENS ASSEM.B'LY
1-61 BAY 'S 1-61 BAY 'S

COOE MINE BODY
ASSEMBLE MINE BODY &
ELECTRONIC LENS-
S 8 A/MS PLATE
SUBASSEMBLY
1-61 BAY 'P'

INSTALL "0" RING 8 BOOSTER
APPLY ADHESIVE TO MINE
BOOY
I-6| BAY 'P'

ASSEMBLE MAIN CHARGE
8 UPPER "0" RING
1-61 BAY ‘P’

APPLY AOHESIVE TO MAIN RECEIVE MINES FROM PAINT
CHARGE 8 ASSEMBLY PLATE MACHINE & TRANSFER TO TRANSFER MINES TO 1-85-2
IMPACT LENS 8 COVER LOWER LEVEL 1-61 LOWER LEVEL

1-61 BAY ' 1-61 BAY 'O’
ASSEMBLE IMPACT LENS PERIOOIC & ENO OF SHIFT

COVER 8 RETAINING RING CLEAN-UP

_1-6l BAY 'P' 1-61

CLEAN & PAINT MINES RRERARE _TEST [EIRE
1-61 BAY 'P' = S’I‘M;LES




RECEIVE , REST STORE &
TRANSFER EXPULSION CHARGES
1-85-2 00CK & Bay ¢’

A

LOAO MINES INTO PROJECTILE
BOOIES
1-B5-2 BAY A

PRELOAQ MINES , GAGE SHIM

PROCESS FLOW FOR

MT718/ M74l, PROJECTILE
FINAL ASSEMBLY

RECEIVE REST STORE &
TRANSFER , ENAMELS , FLAMMABLH
LIQUIDS & STENCIL INKS

RECEIVE REST STORE &
TRANSFER INERT MATERIALS
1-B5-2

I

PREPARE PROJECTILE METAL
PARTS

THICKNESS , INSTALL SHIMS
& START BASE
I-B5-2 BAY ®

TORQUE BASE TO PROJECTILE
SUBASSEMBLY
I-B5-2

ASSEMBLE EXPULSION CHARGE
CUP & EXPULSION CHARGE
1-85-2 BAY W

CLEAN , TOUCH-UP PAINT &
PAINT TRIANGLES ON
PROJECTILES
1-85-2 B8AY A

RING GAGE & AIR TEST
PROJECTILES
1-B5-2 BAY A

STENCIL PALLET TOPS
1-B5-2 BAY A

ZONE WEIGH PROJECTILE
1-85-2 BAY A

STENCIL PROJECTILE 8 STAKE
ZONE SOQUARES
1-85-2 BAY W

ASSEMBLE LIFTING LUG
1-85-2 BAY ‘A’

PALLETIZE PROJECTILES
1-85-2 BAY A

SHIP PALLETIZEO PROJECTILES
1-B5-2 TRUCK 0OCK

PERIODIC & ENQO OF SHIFT
CLEAN-UP
1-85-2

1-B5-2 BAY 'B'




Energy Consumption

The process energy consumed in the production of the M718/M741 Projec-
tile totaled 2,895 MBTU per year at a production rate of 36,792 projectiles
per year as produced at the Towa Army Ammunition Plant. This is equivalent
to 78,694 BTU per projectile. Planned mobilization production of 60,000
projectiles per year would consume 4,722 MBTU per year.

The following charts show a breakdown of energy consumption by produc-
tion step and form of energy.

The energy required to air condition the main charge pressing areas
amounted to 1,855 MBTU per year, which is equivalent to 50,416 BTU per
projectile. This energy is not listed on the charts, but should be con-
sidered part of the process energy hecause the cooling load is from heated

process equipment.
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YEARLY STEAM CONSUMPTION FOR

M718/ M741, PROJECTILE

PRESS CHARGES

PRESS BOOSTERS

RECE'VE | REST STORE 6
TRANSFER POWDER
1-80 , 1-67-3

INSPECT 8 PREHEAT POWDER

1-67-3

:

SET UP PRESS
1-67-2

324 (5.26]

PRESS BOOSTERS
1-67-2 , 1-67-3

:

TRANSFER & REST STORE
BOOSTERS
1-67-3 , 1-100-1, 1-67-1, 1-64-5

;

PERIODIC & END OF SHIFT
CLEAN-UP
1-67-2 ,1-67-3

@ » wp

NOTES

TOTAL CONSUMPTION ( STANOARD PRODUCTION )= 1116.66
TOTAL CONSUMPTION ( MOBILIZATION )4 1B21. 02
MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU,

STANOARO PRODUCTION FIGURES ARE BASEO ON 36,792
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE BASED
ON 60,000 PROJECTILES PER YEAR.
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PRESS MAIN CHARGES

RECEIVE , RES™ STORE A
TRANSFER POWDS +-
1-64-1 ,1-64-2 | +< 3

PREPARE POWDER FOR PRESSING
1-63-6 BAY C', 1-63-4 | -63-5

PREHEAT MEASURED CHARGES
OF POWDER
1-63-4 ,1-63-5

SET UP & PREPARE FOR
PRESSING
1-63-4 |, 1-63-5

:

PRESS MAIN CHARGES
1-63-4 ,1-63-5
1113.42

(ie15.74]
:

REST STORE & TRANSFER
MAIN CHARGES
1-63-4 , 1-63-5 , 1-100-1
1-65-1, 1-65-2

PERIODIC & END OF SHIFT
CLEAN -UP
1-63-5




RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
TRUCK OOCK , I-61 BAYS 'R','P'

FLUOROSCOPE S 8 A DEVICES
1-61 BAY 'Q'

I

ASSEMBLE ELECTRONIC
LENS-S B A/MS PLATE

YEARLY STEAM CONSUMPTION FOR

M718/ M74l, PROJECTILE

MINE ASSEMBLY

RECEIVE
TRANSFER

., REST STORE &
INERT MATERIALS
-6l

1-61

PREPARE FOR ASSEMBLY

OPERATIONS

UPPER LEVEL

:

SUBASSEMBLY
1-61 BAY 'S’

CODE MINE BODY
ASSEMBLE MINE BODY &
ELECTRONIC LENS-

S 8 A/MS PLATE
SUBASSEMBLY
1-61 BAY 'P'

INSTALL "0" RING B BOOSTER
APPLY AOHESIVE TO MINE
BOOY
1-61 BAY P’

ASSEMBLE MAIN CHARGE
8 UPPER "0" RING
1-61 BAY ‘P’

NOTES |

(-3 S O

TEST 8 PREPARE ELECTRONIC

LENS ASSEMBLY

-8l

BAY 'S’

TOTAL CONSUMPTION { STANCARO PROCUCTION )= 173.91
TOTAL CONSUMPTION { MOBILIZATION )» 283.61
MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU.

STANDARO PROOUCTION -FIGURES ARE BASEO OM 36,792
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE BASED

ON 60,000 PROJECTILES PER YEAR.

APPLY ADHESIVE TO MAIN

CHARGE 8 ASSEMBLY PLATE

IMPACT LENS 8 COVER
1-81 BAY ‘P’

RECEIVE MINES FROM PAINT
MACHINE 8 TRANSFER- TO

€4.39 1-61 BAY 0’ [J0s.01]

LOWER LEVEL

ASSEMBLE IMPACT LENS
COVER 8 RETAINING RING
1-61 BAY 'P’

PERIODIC 8 END OF SHIFT

CLEAN-UP
1-61

CLEAN 8 PAINT MINES
1-61 BAY 'P'
|109.52 {ire.60]

PREPARE TEST FIRE
SAMPLES
1-61

TRANSFER MINES TO 1-85-2
1-61 LOWER LEVEL




RECEIVE , REST STORE &
TRANSFER EXPULSION CHARGES
1-85-2 OOCK & BAY ¢’

LOAQ MINES INTO PROJECTILE
BODIES
1-85-2 BAay ‘A

PRELOAO MINES, GAGE SHIM
THICKNESS , INSTALL SHIMS
8 START BASE
1-85-2 BAY A

YEARLY STEAM CONSUMPTION FOR

M718/ M74l , PROJECTILE
FINAL ASSEMBLY

NOTE:
NO PROCESS STEAM REQUIRED FOR FINAL ASSEMBLY.

RECEIVE REST STORE &
TRANSFER ENAMELS , FLAMMABLH
LIQUIOS & STENCIL INKS

RECEIVE REST STORE &
TRANSFER INERT MATERIALS
1-85-2

.

TOROUE BASE TO PROJECTILE
SUBASSEMBLY
1-85-2

ASSEMBLE EXPULSION CHARGE
CUP & EXPULSION CHARGE
1-85-2 BAY W

RING GAGE & AIR TEST

CLEAN , TOUCH-UP PAINT &
PAINT TRIANGLES ON
PROJECTILES
1-85-2 BAY @A

ZONE WEIGH PROJECTILE
1-85-2 BAY A"

STENCIL PROJECTILE & STAKE
ZONE SOUARES
1-85-2 BAY A

ASSEMBLE LIFTING LUG
1-85-2 BAY ‘A’

PROJECTILES
1-85-2 BAY ‘A’

STENCIL PALLET TOPS
1-85-2 BAY ‘A’

PALLETIZE PROJECTILES
1-85-2 BAY A

SHIP PALLETIZEQ PROJECTILES
1-85-2 TRUCK 0OCK

PERIOOIC & ENO OF SHIFT
CLEAN-UP
1-85-2

PREPARE PROJECTILE METAL
PARTS
1-85-2 BAY 'B'




YEARLY ELECTRICAL CONSUMPTION FOR

M7I8 / M74! . PROJECTILE
PRESS CHARGES

PRESS BOOSTERS PRESS MAIN CHARGES
RECEIVE , REST STORE & RECEIVE , REST STORE &
TRANSFER POWDER TRANSFER POWOER

18,06 1-80 , I-67-3 [[29.46] 1-64-1 , 1-64-2 , 1-64-3
18.06 (29.4¢]

:

INSPECT & PREHEAT POWDER PREPARE POWOER FOR PRESSING
1-67-3 " 1-63-6 BAY C', 1-63-4 ,1-63-5
83.18 (iss.60]

SET UP PRESS PREHEAT MEASUREO CHARGES
1-67-2 OF POWDER
1-63-4 ,1-63-5

12.77 (20.83]

PRESS BOOSTERS SET UP :R PRENP:RE FOR
1-67-2 , 1-67-3 ESSI

0.44 [:6.72:] 1-63-4 , 1-63-5

49.49 (e0.71]
I

TRANSFER & REST STORE
BOOSTERS
1-67-3 , 1-100-1, 1-67-1, |-64-5

PRESS MAIN CHARGES
1-63-4 ,1-63-5
981.39 (ie00.45)

:

REST STORE & TRANSFER
CLEAN-UP MAIN CHARGES
1-67-2 ,1-67-3 1-63-4 , 1-63-5 , 1-100-1
14.80_ [23.68] 1-65-1 , 1-65-2

PERIOOIC & ENO OF SHIFT

NOTES l

| TOTAL CONSUMPTION { STANOARO PRODUCTION)» 1177 86

2. TOTAL CONSUMPTION ( MOBILIZATION ) = 1920.88 PERIODIC 8 ENO OF SHIFT
3  MOBILIZATION FIGURES ARE IN BRACKETS. ' CLEAN-UP

4. ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU. 1-63-5

5. STANDARO PROOUCTION FIGURES ARE BASEO ON 36,792

PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE
BASEO ON 60,000 PROJECTILES PER YEAR,

- 68 -



RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
TRUCK OOCK , I-61 BAYS 'R,'P'

FLUOROSCOPE S 8 A OEVICES
-6l BAY 'Q'
18.78 [s0.63)

|

ASSEMBLE ELECTRONIC
LENS-S 8 A/MS PLATE

YEARLY ELECTRICAL CONSUMPTION FOR

M718/ M741, PROJECTILE
MINE ASSEMBLY

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
1-61

PREPARE FOR ASSEMBLY
OPERATIONS
1-61 UPPER LEVEL

I

TEST & PREPARE ELECTRONIC
LENS ASSEMBLY

SUBASSEMBLY
3.86 1-61 BAY 'S’ [6.29)

COOE MINE BOOY
ASSEMBLE MINE BOOY &
ELECTRONIC LENS-

S 8 A/MS PLATE
SUBASSEMBLY
1-61 BAY ‘P’

INSTALL "0" RING & BOOSTER
APPLY AOHESIVE TO MINE
BOOY
1-61 BAY 'P'

ASSEMBLE MAIN CHARGE
8 UPPER "0" RING
I-6 BAY 'P’

4,54 [r.40]

APPLY AOHESIVE TO MAIN
CHARGE & ASSEMBLY PLATE
IMPACT LENS 8 COVER

.74 1-61 BaY 'f'[19.15)

NOTES

.91 sl ey e [i.49]

L TOTAL CONSUMPTION { STANDARD PRDDUCTION )= 113.D02

mape

TOTAL CONSUMPTION { MOBILIZATION ) = IR4,33
MOBILIZATION FIQURES ARE N BRACKETS.
ALL CONSUMPTION FIGURES ARE IN MBTUL.
STANDARD PRODUCTION FIQURES ARE

BASED ON 36,792

PROJECTILES PER YEAR. MOBILIZATION FIGURES . ARE
BASED ON 60,000 PRDJECTILES PER YEAR.

RECEIVE MINES FROM PAINT
MACHINE 8 TRANSFER TO

ASSEMBLE IMPACT LENS
COVER 8 RETAINING RING
1-61 BAY 'P'

CLEAN 8 PAINT MINES
1-61 BAY 'P'
49.74 [e1.12]

LOWER LEVEL
8.39 -6l BAY 0’ [3.79]

TRANSFER MINES TO 1-85-2
1-61 LOWER LEVEL
18.06 [294¢)

PERIOOIC 8 ENO OF SHIFT
CLEAN-UP
1-61

PREPARE TEST FIRE
SAMPLES
1-61




RECEIVE , REST STORE 8
TRANSFER EXPULSION CHARGES
-85-2 DOCK 8 BAY ¢’

LOAO MINES INTO PROJECTILE
BODIES
1-85-2 BAY A

10.41 [ie.s8]

PRELOAO MINES , GAGE SHIM
THICKNESS , INSTALL SHIMS
8 START BASE
1-85-2 BAY A

o s

YEARLY ELECTRICAL CONSUMPTION FOR

M7I8/ M|, PROJECTILE
FINAL ASSEMBLY

NOTES:

TOTAL CONSUMPTION ( STANDARD PRODUCTION ) = 76.88
TOTAL CONSUMPTION ( MOBILIZATION ) ¢ 125.40 )
MOBILIZATION FISURES ARE IN BRACKETS.

ALL CONSUMPTION FISURES ARE GIVEN IN MSTU,

STANOARD PRODUCTION FIGURES ARE SASED ON 38,792
PROJECTILES PER YEAR. MOSILIZATION FIGURES ARE
SASED ON 60,000 PROJECTILES PER YEAR.

RECEIVE REST STORE &
ITRANSFER , ENAMELS , FLAMMABLH
LIQUIOS B STENCIL INKS

18.06 [29.46)

RECEIVE REST STORE 8

TRANSFER INERT MATERIALS
1-85-2

18.06 [29.46])

PREPARE PROJECTILE METAL

TORQUE BASE TO PROJECTILE
SUBASSEMBLY
1-85-2

8.79 (14.34]

ASSEMBLE EXPULSION CHARGE
CUP & EXPULSION CHARGE
1-B5-2 BAY A

CLEAN, TOUCH-UP PAINT &
PAINT TRIANGLES ON
PROJECTILES
3.50 1-85-2 Bay A [3.70]

I

ZONE WEIGH PROJECTILE
1-85-2 BAY ‘A’

STENCIL PROJECTILE & STAKE
ZONE SQUARES
1-85-2 BAY A

ASSEMBLE LIFTING LUG
1-85-2 BAY ‘A’

RING GAGE & AIR TEST

PROJECTILES
1-85-2 BAY A

STENCIL PALLET TOPS
1-85-2 BAY A'

PALLETIZE PROJECTILES
1-85-2 BAY A’

SHIP PALLETIZEO PROJECTILES
1-85-2 TRUCK 0OCK

ls.0s (2s.4¢]

PERIOOIC 8 END OF SHIFT
CLEAN-UP
1-85-2

= g =

PARTS
1-85-2 BAY 'B'




YEARLY AIR CONSUMPTION FOR

M718/ M74! , PROJECTILE
PRESS CHARGES

PRESS BOOSTERS PRESS MAIN CHARGES
RECEIVE , REST STORE & RECEIVE ., REST STORE 8
TRANSFER POWDER TRANSFER POWDER

1-80 , I-67-3 1-64-1 , 1-64-2 , 1-64-
INSPECT & PREHMEAT POWDER PREPARE POWDER FOR PRESSING
1-67-3 ) 1-63-6 BAY 'C', 1-63-4 , 1-63-5
163.56 [ee.73]

:

PREHEAT MEASURED CHARGES
OF POWDER
1-63-4 | 1-63-5

SET UP PRESS
1-67-2

SET UP B PREPARE FOR
PRESSING
1-63-4 , 1-63-5

PRESS BOOSTERS
1-67-2 , 1-67-3

. :

TRANSFER 8 REST STORE
BOOSTERS
1-67-3 , 1-100-1, 1-67-1, 1-64-5

PRESS MAIN CHARGES
1-63-4 ,1-63-5

:

REST STORE & TRANSFER
MAIN CHARGES
1-63-4 , 1-63-5 , 1-100-1
1-65-1 ,1-65-2

PERIODIC & END OF SHIFT
CLEAN-UP
1-67-2 , 1-67-3

NOTES:

TOTAL CONSUMPTION ( STANOARO PRODUCTION ) = 163. 56
PERIODIC 8 END OF SHIFT

CLEAN-UP
MOBILIZATION FIGURES ARE IN BRACKETS. 1-63-5

TOTAL CONSUMPTION ( MOBILIZATION ) = 266.73

ALL CONSUMPTION FIGURES ARE GIVEN IN MBTUL.

o » u b

STANDARO PROOUCTION FIGURES ARE BASED ON 36,792
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE BASED
ON 60,000 PROJECTILES PER YEAR.



RECEIVE , REST STORE &
TRANSFER EXPLOSIVE
COMPONENTS
TRUCK 0OCK , I-61 BAYS 'R','P'

FLUOROSCOPE S B A OEVICES
I-61 BAY ¢’

0.22 fo.38]

I

ASSEMBLE ELECTRONIC
LENS-S 8 A/MS PLATE
SUBASSEMBLY
068 1-61 BaY 's' [J.10]

YEARLY AIR CONSUMPTION FOR

M7I8/ M74l, PROJECTILE
MINE ASSEMBLY

RECEIVE , REST STORE &
TRANSFER INERT MATERIALS
1-61

PREPARE FOR ASSEMBLY
OPERATIONS
1-61 UPPER LEVEL

.

COOE MINE BOOY
ASSEMBLE MINE BOOY &
ELECTRONIC LENS-

S & A/MS PLATE
SUBASSEMBLY
1-61 BAY 'P'

INSTALL "0" RING & BOOSTER
APPLY AOHESIVE TO MINE
BOOY
o.ee 1-61 Bay 'P' [1.10]

ASSEMBLE MAIN CHARGE
& UPPER "0" RING
1-61 BAY 'P'

NOTES

I. TOTAL CONSUMPTION ( STANDARO PRODUCTION ) = 24.98

L)

TOTAL CONSUMPTION ( MOBILIZATION ) = 40.68
MOBILIZATION FIGURES ARE IN BRACKETS.
ALL CONSUMPTION FIGURES ARE GIVEN IN MBTU,

STANDARO PRODUCTION FIGURES ARE BASEO ON 38,792
PROJECTILES PER YEAR. MOBILIZATION FIGURES ARE

BASEO ON 60,000 PROJECTILES PER YEAR.

TEST 8 PREPARE ELECTRONIC
LENS ASSEMBLY
1-6t BAY 'S’

APPLY AOHESIVE TO MAIN

CHARGE & ASSEMBLY PLATE

IMPACT LENS 8 COVER
1-61 BAY '

RECEIVE MINES FROM PAINT
MACHINE & TRANSFER TO

LOWER LEVEL
1-61 BAY ‘0’

TRANSFER MiINES TO 1-85-2

1-61 LOWER LEVEL

ASSEMBLE IMPACT LENS
COVER 8 RETAINING RING
1-61 BAY 'P'

14,92 [24.31]

PERIODIC 8 ENO OF SHIFT
CLEAN-UP
1-61

A

CLEAN & PAINT MINES
I-61 BAY 'P'
8.48 [D3.82]

PREPARE TEST FIRE
SAMPLES
1-61

= g =




RECEIVE , REST STORE &
TRANSFER EXPULSION CHARGES
1-BS-2 00CX & BAY 'C’

LOAO MINES INTO PROJECTILE
BOOIES
1-85-2 BAY A
0,46 {o0.75]

PRELOAO MINES, GAGE SHIM

THICKNESS , INSTALL SHIMS
8 START BASE

0.54 1-85-2 BAY A [0.88]

® s mw

YEARLY AIR CONSUMPTION FOR

M718/M74l, PROJECTILE
FINAL ASSEMBLY

NOTES:

TOTAL CONSUMPTION ( STANOARO PROOUCTION )« 4B.44
TOTAL CONSUMPTION { MOBILIZATION } = 79.14
MOBILIZATION FIGURES ARE IN BRACKETS.

ALL CONSUMPTION FIGUREB ARE GIVEN IN MBTU.

STANDARO PROOUCTION FIGURES ARE BASEC ON 38,792
PROJECTILES PER YEAR. MOBILIZATION FIGUREB ARE

' BABEO ON 80,000 PROJECTILES PER YEAR.

RECEIVE REST STORE 8
TRANSFER, ENAMELS , FLAMMABLH
LIOUIOS 8 STENCIL INKS

RECEIVE REST STORE 8
TRANSFER INERT MATERIALS
I-B5-2

TORQUE BASE TO PROJECTILE
SUBASSEMBLY
1-B5-2
0.0z {0.03]

ASSEMBLE EXPULSION CHARGE
CUP & EXPULSION CHARGE
1-B5-2 BAY A

o [o.18]

A 4

CLEAN , TOUCH-UP PAINT &
PAINT TRIANGLES ON
PROJECTILES
118 -Bs-2 Bay ' [1.87]

I

ZONE WEIGH PROJECTILE
1-85-2 BAY A’

STENCIL PROJECTILE & STAKE
ZONE SOUARES
1-85-2 Bay &
3.3 {5.40]

ASSEMBLE LIFTING LUG

RING GAGE & AIR TEST

1-B5-2 BAY A’

PROJECTILES
1-B5-2 BAY %
9.42 (is.38]

STENCIL PALLET TOPS
1-B5-2 BAY ‘A’

PALLETIZE PROJECTILES
1-B5-2 BAY A
33.43 (54.88]

SHIP PALLETIZEO PRODJECTILES
1-85-2 TRUCK DOCK

PERIOOIC & ENO OF SHIFT
CLEAN-UP
1-85-2
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PREPARE PROJECTILE METAL
PARTS
1-85-2 BAY 'B'




CONSERVATION PROJECTS

INSULATE HAWK BATH AND SUPPLY TANK

Both the hot water supply tank and the HAWK bath for conditioning the
HAWK Warhead are uninsulated, allowing excessive heat loss. An analysis

was undertaken to determine the economic feasibility of insulationm.

INSULATE PROCESS TANK

Fxisting Conditions:

Inside temperature (Tl) = 190°F
Outside temperature (T2) = 70°F
Surface area (A) = 166 th

2
150 BTU/hr-ft

]

Bare metal heat loss (q)
Operating time = 17 hr/day

= 3 days/week

= 50 weeks/year

Present heat loss:

Q=Axqx17 x3x 50 % 106

= 166 x 150 x 17 x 3 x 50 « 106 = 63,5 MBTU/year

2
Proposed - add 1%" calcium silicate, U = .25 BTU/hr -~ Ft~ -°F

3 6
AxUx (T1 - TZ) x 15 x 3 x50+ 10

Q

166 x .25 x (190 - 70) x 17 x 3 x 50 « 106 = 12.7 MBTU/year

Net savings:

63.5 - 12.7 = 50.8 MBTU/year

Gross Savings (heating system efficlency = 80%) - 63.5 MBTU/year

INSULATE HAWK BATH

Existing conditions:

Lid 78 £t2  300°F 9 hours 300 BTU/hr-ft>
2 2

Tank 650 ft 190°F 9 hours 150 BTU/hr-ft

Tank 728 ft2 130°F 8 hours 100 BTU/hr—ft2

= T =



Present heat loss:

Lid - 78 x 300 x 9 x 3 x 50 =+ 106 = 31.6 MBTU/year
Tank - 650 x 150 x 9 x 3 x 50 » 106 = 131.6 MBTU/year
Tank - 728 x 100 x 8 x 3 x 50 + 106 = 87.4 MBTU/year
Total = 250.6 MBTU/year
Proposed - add 15" calcium silicate, U = 0,25 BTU/hr—ft2—°F
Lid - 78 x .25 x (300 - 70) x 9 x 3 x 50 + 106 = 6.1 MBTU/year
6

Tank - 650 x .25 x (190 -~ 70) x 9 x 3 x 50 + 10 26.3 MBTU/year

]

Tank - 728 x .25 x (130 - 70) x 8 x 3 x SO + 10 13.1 MBTU/year

Total

]

45.5 MBTU/year
Net savings - 250.6 - 45.5 = 205.1 MBTU/year

Gross Savings - 256.4 MBTU/year

The HAWK conditioning insulation project would provide a total of 319.9
MBTU per year in steam savings. At a present cost of approximately $5/MBTU,
the cost savings would be $1,600 per year. Material and installation costs

would be approximately $7,500. This would provide a payback of 4.7 years.

=1 i7)5]



INSULATE KETTLES AND PROCESS PIPING

Presently, the melt kettles énd process piping for the three melt
buildings surveyed in this phase of the project are uninsulated. An
economic analysis was undertaken to determine the feasibility of adding
1.5" of calcium silicate insulation. The following calculations are for
oune melt building.

PROCESS PIPING

1500 lineal feet - 2" pipe
80 BTU/hr~LF heat loss - uninsulated
27 BTU/hr~LF heat loss - insulated

2080 hours per year

Savings - (80 - 27) x 1500 x 2080 = 106 = 165 MBTU/year
KETTLES
400 £t2

150 BTU/ft2 hr -~ uniunsulated

25 BTU/t't2 hr - insulated
2080 hours per year
Savings - (150 - 25) x 400 x 2080 < 106 = 104 MBTU/year

Total Savings - 165 + 104 = 269 MBTU/year

Due to irregular shapes and the need for waterproof covers, the cost
for installation is estimated to be approximately $15,000. This would

indicate a payback of 11.15 years.
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AUTOMATICALILY CONTROL PROCESS HEAT

In order for heat producing equipment to be at the proper temperature
when a shift begins, steam must be left on during off-shift hours. This
results 1in approximately 128 hours per week of steam use when it 1s not
required. The following table shows the pounds of steam per hour and per

week consumed during non-use hours.

Hour Week

Preheat Oven, 1-05-2, CHAPARRAL, STINGER 30 3,840

Hot Water Probe, 1-05-2, CHAPARRAL 50 6,400
Melt Kettle, 1-05-2, HAWK; CHAPARRAL, STINGER,

DRAGON 50 6,400

Melt Kettle, 2-05-2, COPPERHEAD 50 6,400

Grid Melt Unit, 3A-05-1, M549A1 35 4,480

Dopp Kettle, 3A-05-1, M549A1 25 3,200

By utilizing a timer/controller to heat the equipment to the proper
temperature by the beginning of a shift, substantial eunergy could be saved.
The following table shows the potentlal savings in pounds of steam per week
and per year (assuming 85% of the non-shift steam coﬁld be saved and 50

weeks per year of production).

Week Year
CHAPARRAL 14,144 707,200
STINGER 8,704 435,200
HAWK 5,440 272,000
DRAGON 5,400 272,000
COPPERHEAD . 5,440 272,000
M549A1 6,528 326,400
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Using $6.00 per thousand pounds of steam, the following savings could

be realized per year:

Savings Savings

(Dollars) (MBTU) *
CHAPARRAL 4,243 318
STINGER 2,611 503
HAWK 1,632 315
DRAGON 1,632 315
COPPERHEAD 1,632 315
M549A1 1,958 377

*5 psig steam at 1156.3 BTU/1h.

The acquisition and installation cost of a timer/controller would be
approximately $5,000. Payback would vary from 1.2 years to 3.1 years,
depending upon the item in production.

Automatic timer/controllers have been installed on equipment at Buildings
1-63-4 and 1-63-5 (M718/M741 Main Charge Pressing Area) and at Building 1-10
(I-TOW Presses).

The following table shows the steam consumed during non-use hours (i.e.,
before installation of timer/controllers) for both 1-63-4 and 1-63-5:

Pounds /Hour Pounds /Week . Pounds /Year

208.74 26,718.72 1,335,936

(Rasis: 128 non-use hours per week; 50 weeks of production per year.)

The following tahle shows the savings resulting from the installation
of automatic timer/controllers at Buildings 1-63-4 and 1-63-5, based on a
steam cost of $6.00 per 1,000 pounds and a latent heat of vaporization equal

to 945.71 BTU/LB for 15 PSIG steam:
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Pounds /Year Dollars Per Year MBTU/Year

1,231,566 7,389.40 1,164.70
The following tahle shows the steam consumed by the I-TOW pressing
operation at Building 1-10 during non-use hours prior to the installation

of automatic timer/controllers:

Pounds /Hour Pounds /Week Pounds /Year
161.47 20,668.16 1,033,408

(Basis: 128 nonuse hours per week; 50 weeks of production per year.)
The followlng table shows the savings resulting from the installation
of tiﬁer/controllers, based on a steam cost of $6.00 per 1,000 pounds and

a latent heat of vaporization equal to 903.91 BTU/LB for 60 PSIG steam:

Pounds /Year Dol lars Per Year MBTU/Year
871,938 5,231.63 788.15

=7y



RECLAIM HEAT FROM HIGH PRESSURE STEAM TRAPS

An engineering study was madé during the Line 3 phase of this project.
It 1is repeated here with revised costs to emphasize the potential of this
project.

Each L/A/P production line has two melt buildings which utilize 150 psig
steam to heat water for building heat. The average melt building requires

5,776 MBTU per year for heating. An average heating season is 5,088 hours.

Average - 5776 MBTU 1,135,220 BTU

5088 Hours Hr
1,135,220 BTU/Hr = 1’324.E2
857.2 BTU/Lb Hr
1324 Lb/HAr = 1650 Lb
.80 . Hr
h = 857.2 BTU/Lb

fg
Efficiency = 80%

Condensate from 150 psig steam has a heat content of 339 BTU/Lb.
Since the condensate is presently not utilized, the maximum potential

for savings would be:

1650 Lb  x 339 BTU

559,350 BTU

Hr Lb Hr
559,350 BTU X 5088 Hr = 2!846 MBTU
Hr Year - Year

Process steam (5 psig) could be supplemented by using a flash
tank and also a heat exchanger to recover the heat from the remaining
condensate. A 150 psig-to-5 psig flash tank has the capability to
flash 147 of the hot condensate to 5 psig steam.

1650 Lb  x .14 231 Lb
:53) Tr

231_&2 X 1156.4 267,128 BTU
Hr Hr
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The remaining condensate could be utilized in a heat exchanger

to preheat incoming air or process water. The maximum heat available

would bhe:
559,350 BTU - 267,128 BTU = 292,222 BTU
Hr Hr Hr

A conservative estimate of the savings of this remaining heat
would be 30 - 50,000 BTU/hr. Therefore, total savings would total
approximately 300,000 BTU/hr or 1,526 MBTU/Yr (flash steam plus
hot condensate recovery). Using August 1982 steam costs of $5.00
per MBTU, a savings of $7,630 per year could be realized.

Costs involved in installing the flash tank, heat exchanger and
all necessary piping would be approximately $5,000. Therefore, this
project could self-amortize in one heating season. Assuming 2,000
hours per year of actual production time, this would equate to 534
MBTU per year of direct process energy savings. The remainder of

the savings would be realized in building heat savings.
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INSULATE PRESSES

Introduction Note:

It is understood that a projéct to develop a method of pressing the
I-TOW and M718/M741 charges at room temperature (i.e., with unheated
presses) is currently in the preliminary stages. Significant savings would
result 1f this method of pressing could be perfected, as the process steam
required to heat the presses would be eliminated and the air conditioning
load would be greatly reduced (possibly eliminated at I-TOW press bays).

It 1s therefore recommended that every effort be made to successfully com-
pletg this project; however, 1f it 1s found that it 1s not possible for the
pressing operations to be carried out at room temperature, it is recommended
that a project to find a feasible method of insulating the presses be under-
taken.

As noted in our initial report, the main problems encountered in
attempting to insulate process equipment such as melt kettles are irregu-
larity of surface shape and "wash down'", the cleaning of equipment by
spraying with steam/hot water. In trying to insulate the presses, the latter
1s not applicable as presses are not "washed down" but are "vacuumed" with
a contaminated vacuum system for clean-up. Irregularity of surface shape
1s still a factor, although not as severe as with a melt kettle. Any insula-
tion applied to the press would have to have a smooth outer surface or cover
that would prevent damage and pleces of insulation from flaking or breaking
off, and also prevent the absorption or collection of explosives.

The advantages gained by insulating the presses are reduction of process
heat requirement, reduction of cooling load, and improved work environment.

The heat loss for one I-TOW press is approximately 10,000 BTUH., Assum-
ing a 1.5 inch layer of calcium silicate or equivalent insulation could be

applied, the heat loss with insulation is estimated to be around 2,000 BTUH



per press, for a savings of 8,000 BTUH per press. Assuming 2,000 hours of

production per year, this comes to a saving of 16 MBTU per year for each

I-TOW press.

Costs for installing the insulation were estimated to be around $200

per press, resulting in an amortization period of about two years.
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CONCLUSIONS

s Energy consumption baselines were established for eight production items:
the Hawk, Stinger, Chaparral, Dragon, Copperhead and Improved TOW Warheads, the
M549A1 RA Projectile and the M718/M741 AT Projectile.

2. A number of potential energy saving measures amounting to 7,455 MBTU per year

were defined and evaluated for present production rates.

RECOMMENDATIONS

1. Consideration should be given to implementation of the energy saving measures
proposed.

2. Investigate presently available hardware and/or develop in-house a device to
install on exhaust fan controls to shut off exhaust fan when it is not re-
quired. A device of this nature could be installed on items such as paint
booths, acetone and other fume removal hoods, inspection table hoods, etc.

One possibility would be a pneumatic switch and pressure-electric relay auto-
matically actuated by the operator standing on a contact plate., When the oper-
ator moves off the plate for an extended period of time, the fan would be shut
down. A timer should be incorporated so that the fan would not be shut off every
time the operator steps off the plate for only a few seconds, to pick up sup-
plies, for example. The potential exists for a significant amount of savings to
be realized by the installation of this type of device due to the large number of
fume removal systems, paint booths, and similar equipment employed in production
areas. The savings would result from decreased electrical consumption and

decreased heating (or cooling) load.
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Any device to be installed would, of course, have to be approved by the
Safety Department for installation in hazardous areas.

3. On all new and replacement equipment, purchased for installation, it is sug-
gested that all electric motors be specified to be of the new "Energy Efficient”
type. Such motors generally return substantial savings in energy charges and
additional savings from reduced maintenance costs, compared to conventional, less
efficient motors. As an adjunct, synchronous drives (rather than conventional V-
belt drives) should be considered for installation with energy efficient
motors. A recent magazine article indicated synchronous drives can be 5 to 6
percent more efficient than V-belt drives of proper design. It also asks why one
would spend the additional money for an energy efficient motor and then "“throw
the savings away with an inefficient (V-belt) drive."

4. Certain process equipment such as hydraulic units, vacuum pumps, etc., are
presently water cooled. While the existing equipment 1is installed in locations
which would preclude the possibility of a changeover, it is recommended that, if
this equipment should ever be relocated or if similar equipment is purchased for
new installations, air cooling rather than water cooling be considered. Possible
savings from reduced operating and maintenance costs Qould result.

It is felt that in the future water will come to be considered in a manner
similar to steam, electricity, and compressed air for conservation purposes. In
certain areas, water conservation is important now. In this event, a change from
water to air cooled equipment would also be a conservation technique of great

value.

- 85 -



Distribution List

Commander
U.S. Army Armament Research and
Development Command
ATTN: DRDAR-LCM-S (10)
DRDAR-TSS  (5)
Dover, NJ 07801

Administrator

Defense Technlical Information Center
ATTN: Accessions Division (12)
Cameron Station

Alexandria, VA 2231k

Director

U.S. Army Materiel Systems
Analysis Activity

ATTN: DRXSY-MP

Aberdeen Froving Ground, MD 21005

Director S

Ballistics Research Laboratory

U.S. Army Armament Research and
Development Command

ATTN: DRDAR-TSB-S

Aberdeen Proving Ground, MD 21005

Chief

Benet Weapons Laboratory, LCWSL

U.S. Army Armament Research and
Development Command

ATTN: DRDAR-LCB-TL

Watervliet, NY 12189

Commander
U.S. Army Armament Materiel
Readiness Command
ATTN: DRSAR-IR
DRSAR-IS
DRSAR-LEP-L
Rock Island, IL 61299

- 87 -



Commander )

U.S. Army Munitions Production
Base Modernization Agency

ATTN: SARPM-PBM-EC

Dover, NJ 07801

Commander

U.S. Army Materiel Development
and Readiness Command

ATTN: DRCMT

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander USDRC

USDRC Installations and
Services Agency

ATTN: DRCIS-RI

Rock Island, IL 61299

Commander

U.S. Army Industrial Base
Engineering Activity

ATTN: DRXIB-MT

Rock Island, IL 61299

Commander

U.S. Army Construction Engineering
Research Laboratory

ATTN: CERL-EPE

Champaign, IL 61820

Department of the Army
ATTN: DAEN-ZCE
Washington, DC 20310

Commander

Hawthorne Army Ammunition Plant
ATTN: SARHW

Hawthorne, NV 89415

- 88 -~



Commander

Holston Army Ammunition Plant
ATTN: SARHO ;
Kingsport, TN 37662

Commander

Indiana Army Ammunition Plant
ATTN: SARIN

Charlestown, IN 47111

Commander

Iowa Army Ammunition Plant
ATTN: SARIO (5)
Middletown, TA 52638

Commander

Kansas Army Ammunition Plant
ATTN: SARKA

Parsons, KS 67537

Commander

Ione Star Army Ammunition Plant
ATTN: SARLS

Texarkana, TX 57701

Commander

Longhorn Army Ammunition Plant
ATTN: SARLO

Marshall, TX 75670

Commander

Iousiana Army Ammunition Plant
ATTN: SARLA

Shreveport, LA 71102

Commander

McAlester Army Ammunition Plant
ATTN: SARMC

McAlester, OK TUW501

89 -



Commander

Milan Army Ammunition Plant
ATTN: SARMI

Milan, TN 38358

Commander

Mississippi Army Ammunition Plant

ATTN: SARMS
Picayune, MS 39466

Commander

Pine Bluff Arsenal
ATTN: SARPB-ETA

Pine Bluff, AR 71601

Commander

Radford Army Ammunition Plant
ATTN: SARRA

Radford, VA 2kik1

Commander

Scranton Army Ammunition Plant
ATTN: SARSC

Scranton, - PA 18501

- 90 -



